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Related Disclosure 

[oooi] This disclosure is related to the simultaneously-filed disclosure entitled 

Method for Establishing a Communication Network Based on Topographic 
Network Devices and for Transmitting a Message Through Same of inventors 
Julie E. Fouquet and Ian Hardcastie (Attorney Docket No. 10011085) and that 
is incorporated herein by reference. 

Background of the Invention 

[0002] The main elements of networks for communicating sets of information 

data are network devices and communication links. The network devices 
include end-user devices and routers. Routers control the flow of data traffic in 
5 the network, between networks and between the network and the end-user 

devices. Basic information on routers and their use in networks is disclosed by 
Radia Perlman in the book entitled Interconnections, the second edition of 
which was published by Addison- Wesley in 1999. 
[ooo3] Messages containing information are transmitted through the network 

10 in data sets known in the art by such names as packets, frames, cells and 

protocol data units. In this disclosure, the term packet will be used to describe 
such data sets. Each packet includes a header that includes a destination 
address. Each router has a number of channels through each of which the 
router receives messages from, and transmits messages to, the network device 
15 connected by a communication link to the channel. The router typically 
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transmits messages onward through the network via a different channel from 
the one through which the messages were received. 
[ooo4] The router channel to which a given message is sent for transmission is 

determined by the destination address in the headers of the packets in which 
5 the message is contained, and additionally from address information stored in 
an address table that forms part of the router. The address table is hierarchical 
and stores address information relating to the network or end-user device 
connected to each channel of the router. The address information is detailed 
with respect to the domains of end-user devices connected to the channels and 

10 is more general with respect to networks connected to the channels. 

Specifically, the address information indicates what is connected to each of the 
channels of the router. For example, the address information might indicate 
that a packet with a given destination address should be sent through the 
router to channel n for onward transmission. When the router determines the 

15 channel to which to send a packet, there is no guarantee that the channel is 
connected to a network device that is any closer to the destination of the 
packet than the router itself. 
[0005] The conventional network architecture described above works well in 

many ways. However, it can be inefficient and can result in messages being 

20 delayed. Delays are undesirable, and are especially so in new applications such 
as video streaming and Voice over Internet. With the conventional routing 
scheme, messages may cross the continent several times and may pass through 
many routers before reaching their final destination. Before transmitting a 
message to another network device, each router may store all or part of the 

25 message for a storage time that depends on network traffic. The storage time 
may become very long as the network traffic approaches saturation. This 
increases the likelihood for messages to be delayed unacceptably, especially at 
times of high traffic. 

[0006] Thus, what is needed is a network in which messages are transmitted to 

30 their destination by a route that is more direct that the route that typically 
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results from the conventional routing scheme described above. A more direct 
routing can potentially reduce the number of routers that the message passes 
through on its way to its destination and, hence, the potential for the message 
being delayed. 



5 Summary of the Invention 

[ooo7] The invention provides a network for communicating a message. The 

network comprises topographic network devices and communication links 
interconnecting the topographic network devices. The topographic network 
devices each have a physical location represented by a topographic coordinate 

10 set, and a network address that includes the topographic coordinate set. 
[0008] The message may include the topographic coordinate set of a 

destination network device as a destination coordinate set. The destination 
network device is one of the topographic network devices. One of the 
topographic network devices, an intermediate network device, upon receiving 

15 the message, operates to route the message to another of the topographic 

network devices. The other of the network devices is physically closer to the 
destination network device than the intermediate topographic network device. 
[0009] The network may additionally comprise additional network devices and 

additional communication links. The additional communication links connect 

20 the additional network devices to some of the topographic network devices. 

The additional network devices have conventional network addresses that lack 
topographic coordinate sets, 
[ooio] The network may include regions, each of which comprises at least one 

regional network device that is one of the topographic network devices. The 

25 regional network devices are interconnected by high-capacity communication 
links. In this case, the topographic network devices in region each include 
additional topographic information indicating the topographic coordinate set 
of the regional network device of the region and the topographic extent of at 
least some of the regions. A topographic network device, upon receiving the 
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message, operates in response to the destination coordinate set and the 
additional topographic information to route the message to the regional 
network device when the additional topographic information indicates that the 
destination network device is located in another region. 
5 [ooii] The invention also provides a topographic network device for operation 

in the above-described network. A message configured for transmission 
through the network includes a destination coordinate set, which is the 
topographic coordinate set of a destination network device. The destination 
network device is one of the topographic network devices. The topographic 

10 network device comprises channels, a coordinate store and a topographic 
processor. The channels are each configured for connection via a 
communication link to another of the topographic network devices. The 
channels include a first channel via which the message is received. The 
coordinate store stores connected device coordinate sets, which are the 

15 topographic coordinate sets of the topographic network devices to which the 
channels are directly connected. The topographic processor operates in 
response to the connected device coordinate sets stored in the coordinate store 
and the destination coordinate set of the message to identify a second channel 
to which to forward the message. The second channel is another of the 

20 channels of the topographic network device. 

[ooi2j The coordinate store may additionally be configured to store either or 

both of device-type information and additional topographic information for 
those of the topographic network devices directly connected to the network 
device. In this case, the topographic processor may additionally operate in 

25 response to either or both of the device-type information and the additional 
topographic information to identify the second channel. 
[ooi3] The coordinate store may additionally be configured to store additional 

topographic information relating to the network, and the topographic 
processor may operate in response to the additional topographic information 

30 instead of the destination coordinate set of the message to identify the second 
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channeL 

[ooi4] The network may additionally comprise additional network devices and 

additional communication links. The additional communication links connect 
the additional network devices to at least some of the topographic network 
5 devices. The additional network devices have conventional network addresses 
that lack topographic coordinate sets, and include a destination network 
device. In this case, the message includes, instead of the destination coordinate 
set, a destination network address that identifies the destination network 
device and that lacks a topographic coordinate set. The topographic network 

10 device may additionally comprise a topographic translator that operates on 
receipt of the message and in response to the destination network address to 
provide the topographic coordinate set of another of the topographic network 
devices as the destination coordinate set for the message. In this case, the 
topographic processor operates in response to the destination coordinate set 

15 provided by the topographic translator. 

toois] Finally, the invention provides a computer-readable medium in which is 

fixed a computer program that instructs a computer to perform a topographic 
network message addressing method. In the addressing method, an original 
message is received and a determination is made of whether a valid 

20 topographic reply-to field exists in the original message. The valid 

topographical reply-to field includes a topographic coordinate set. When the 
valid topographic reply-to field exists in the original message, a reply message 
that includes a destination coordinate set field is created in response to the 
original message, and the topographic coordinate set is copied from the 

25 topographic reply-to field of the original message to the destination coordinate 
set field of the reply message. 
[ooi6] In the network according to the invention, topographic network devices 

according to the invention each have a network address that includes a 
coordinate set indicating the physical location of the topographic network 

30 device. Messages are routed from a source network device towards a 
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destination network device. The messages include a destination coordinate set 
that may be inserted into the message by the source network device or by 
another of the network devices. The messages are routed through topographic 
network devices known from their respective topographic coordinate sets to be 
5 located progressively closer to the destination network device. As a result, 
messages are transmitted to their destination by a route that is more direct 
that the route that typically results from the conventional routing scheme 
described above. Moreover, the more direct routing will often result in the 
message passing through fewer routers. A more direct routing and a reduction 

10 in the number of routers through which the message passes on its way to its 
destination reduce the potential for the message being delayed. 
[0017] The computer program stored in the computer-readable medium 

according to the invention enables conventional, non-topographic network 
devices to be easily modified to generate a topographically-addressed reply 

15 message in response to a received message that includes a topographic reply-to 
address. 



Brief Description of the Drawings 

[ooi8] Figure 1 is a schematic diagram of a highly simplified example of a first 

embodiment of a network according to the invention. 
20 Figure 2 is a block diagram of an exemplary embodiment of a 

topographic router according to the invention. 

Figure 3 is a block diagram of an exemplary embodiment of one of the 
channel cards of the topographic router shown in Figure 2. 

Figure 4 is a block diagram of an exemplary embodiment of one of the 
25 end-user devices of the network shown in Figure 1. 

Figure 5A is a flow chart showing a method for establishing a network 
according to the invention. 

Figure 5B is a flow chart showing additional processes that may be 
included in the method shown in Figure 5A. 
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Figure 5C shows an additional process that may be included in the 
method shown in Figure 5A. 

Figure 6 is a flow chart showing a method for transmitting a message 
through a network according to the invention. 
5 Figure 7 is a schematic drawing showing an example of a network 

according to the invention that covers the United States and that is connected 
to the rest of the world by a small number of topographic network devices. 

Figure 8 is a flow chart illustrating a method according to the invention 
performed by the routers of the network shown in Figure 7 to determine the 
10 routing of a message. 

Figure 9 is a schematic drawing showing an example of a network 
according to the invention that is divided into regions and in which at least the 
routers of the network are provided with additional topographic information 
relating to the regions. 
15 Figure 10A is a flow chart showing a method performed by the routers 

of the network shown in Figure 9 to determine the routing of a message. 

Figure 1 OB is a flow chart showing a method performed by the regional 
network devices of the network shown in Figure 9 to determine the routing of 
a message. 

20 Figure 10C is a flow chart showing a method performed by the routers 

of the network shown in Figure 9 to determine the routing of a message when 
the regions are divided into sub-regions. 

Figure 10D is a flow chart showing a method performed by the regional 
network devices of the network shown in Figure 9 to determine the routing of 
25 a message when the regions are divided into sub-regions. 

Figure 11 is a schematic diagram of a highly simplified example of a 
second embodiment of a network according to the invention. 

Figure 12 is a flow chart showing a method for transmitting a message 
through the network shown in Figure 11. 
30 Figure 13 is a flow chart showing a two-stage routing method according 
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to the invention. 

Figure 14 is a flow chart showing a method by which a router in the 
network shown in Figure 11 determines its function in processing a message it 
receives. 

5 Figure 15 is a flow chart showing the method performed by an end-user 

device in the network shown in Figure 11 in response to the network-related 
software according to the invention. 

Figure 16 is a block diagram of an exemplary embodiment of a 
topographic router according to the invention of the network shown in 
10 Figure 11. 

Figure 17 is a block diagram of an exemplary embodiment of one of the 
channel cards of the router shown in Figure 16. 



Detailed Description of the Invention 

[ooi9] Figure 1 is a schematic diagram of a highly simplified example of a first 

15 embodiment 100 of a network according to the invention for communicating 
messages. In the example shown, the network 100 is a wide-area network 
covering the 48 contiguous states of the United States and part of Asia. The 
network is composed of topographic network devices interconnected by 
communication links. Optical fibers, electrical cables and terrestrial or satellite 
20 R.F. or microwave links are examples of communication links. The topographic 
network devices include routers and end-user devices. In the highly-simplified 
example shown, the network 100 is composed of the routers 101-108 and the 
end-user devices 112-114 and 128 interconnected by several communication 
links as shown. In particular, the routers 101 and 102 are connected by the 
25 communication link 111, and the end-user devices 112-114 are connected to 
the router 101 by the communication links 115-117, respectively. Network 
devices located at opposite ends of a communication link will be said to be 
directly connected. For example, the routers 101 and 102 are directly connected 
by the communication link 111, and the end -user device 112 and the router 
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101 are directly connected by the communication link 115. The end-user 
device 112 is not directly connected to the router 102. Most, if not all, of the 
end-user devices that would normally be connected to the routers 101-108 
have been omitted to simplify the drawing further. 
5 [0020] Each topographic network device of the network 100 has a network 

address that includes the topographic coordinate set of the topographic 
network device. In the exemplary wide-area network shown in Figure 1, the 
network address of each topographic network device includes a geographic 
coordinate set composed of the latitude and longitude (degrees North, degrees 

10 West) of the global location of the network device. In this example, network 
devices located in the Southern hemisphere (not shown) have negative 
latitudes and those located in the Eastern hemisphere, for example, the 
network device 108, have negative longitudes. Alternatively, 90 degrees can be 
added to all latitudes and 180 degrees can be added to all longitudes to 

15 eliminate the negative numbers. 

[0021] Figure 1 shows the latitudes and longitudes with a resolution of one 

minute, for simplicity. The resolution of the latitude and longitude in a 
practical embodiment of the network 100 would depend on the maximum 
number of network devices in the network and the closest angular separation 

20 of the network devices. For example, in a practical embodiment, the latitude 
and longitude could have a resolution of a fraction of a second. 
[0022] Topographical coordinate sets composed of other geographic or 

topographic coordinates may be used instead of the latitude/longitude 
geographic coordinate sets shown. For example, a topographic network device 

25 in a local area network installed in a single-story building can have a two- 
dimensional Cartesian coordinate set (xjO as the topographic coordinate set in 
its network address. A topographic network device in a local area network 
installed in a multi-story building can have a three-dimensional Cartesian 
coordinate set (x^z) as the topographic coordinate set in its network address. 

30 The term topographic coordinate set as used in this disclosure will be 
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understood to encompass such alternatives. 
[0023] The topographic coordinate sets of topographic network devices that 

have substantially coincident physical locations in the topographic coordinate 
system can each include an additional numeric or other field that distinguishes 
5 such topographic network devices from one another. 

[0024] Each topographic network device of the network 100 is configured to 

receive its own topographic coordinate set, and to transmit its topographic 
coordinate set to each of at least the routers directly connected to it. In an 
embodiment, the each topographic network devices is configured to transmit 
10 its own topographic coordinate set to each of the topographic network devices 
directly connected to it. Each of the topographic network devices that is a 
router is additionally configured to receive and store the topographic 
coordinate set of each of the topographic network devices directly connected 
to it. The router stores each topographic coordinate set it receives as a 
15 connected device coordinate set. Each connected device coordinate set is 
stored in a way that links it to the channel address of the channel through 
which the router received it. Additionally, each topographic network device 
may optionally store its own topographic coordinate set. 
[0025] For example, after receiving its own topographic coordinate set, the 

20 router 101 transmits its topographic coordinate set to the end-user devices 

112-114 and to the routers 102-104 directly connected to it. Each of the 
routers 102-104 receiving the topographic coordinate set from the router 101 
stores the topographic coordinate set of the router 101 as a connected device 
coordinate set linked to the channel address of the channel connected to the 
25 router 101. The end-user devices 112-114 receiving the topographic 

coordinate set from the router 101 need not store the topographic coordinate 
set since each of the end-user devices 112-114 is connected exclusively to the 
router 101. 

[0026] In response to receiving the topographic coordinate set from the router 

30 101, each of the end-user devices 112-114 and each of the routers 102-104 
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transmits its own topographic coordinate set to the router 101. The router 101 
receives the topographic coordinate sets from the end-user devices 112-114 
and the routers 102-104, and stores each received topographic coordinate set 
as a respective connected device coordinate set. The router 101 stores the 
5 connected device coordinate sets linked to the channel address of the channel 

through which the corresponding topographic coordinate set was received. 
[0027] Each topographic network device is configured to transmit its own 

topographic coordinate set at least when it is newly installed in the network. 
This informs all the topographic network devices directly connected to the 

10 topographic network device of the topographic coordinate set of the 

topographic network device. Each topographic network device is additionally 
configured to transmit its topographic coordinate set in response to receiving a 
topographic coordinate set from another topographic network device directly 
connected to it. This enables the topographic network device to inform the 

15 topographic network device from which it received the topographic coordinate 

set of its own topographic coordinate set. In response to receiving a 
topographic coordinate set from another topographic network device, the 
topographic network device may transmit its topographic coordinate set to all 
the topographic network devices directly connected to it, or may transmit its 

20 topographic coordinate set only to the other topographic network device. 
[0028] Following the exchange of topographic coordinate sets, each router in 

the network 100 knows the topographic coordinate sets of all the topographic 
network devices directly connected to it. Additionally, each end-user device 
may also know the topographic coordinate set of the router to which it is 

25 connected, although this is not critical to the invention. Including the 

topographic coordinate set in the network address of the topographic network 
device reduces the number of data that need to be stored in the routers in the 
network 100 according to the invention compared with the number of data 
stored in the routing tables of conventional routers. The topographic 

30 coordinate sets enable the routers of the network 100 to determine the routing 
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of a message using simple topographical algorithms. 

Sets of information data, which will be referred to in this disclosure as 
messages, pass through the network 100. Examples of a message include an e- 
mail message, a request for the contents of a web page and the web page 
contents returned in response to the request. Each message originates at one of 
the topographic network devices, which will be called the source network 
device, and passes through the network to another of the topographic network 
devices, which will be called the destination network device. In passing through 
the network, the message passes through one or more of the topographic 
network devices, each of which will be called an intermediate network device. 
Each intermediate network device performs a routing operation in which the 
topographic network device to which the message will be forwarded is 
identified. The topographic network device identified is either the destination 
network device or another intermediate network device, 
l The message is composed of one or more data sets known in the art by 

such names as packets, frames, cells and protocol data units. In this disclosure, 
the term packet will be used to describe such data sets. Each packet includes a 
header that includes additional data relating to the packet. The additional data 
include a destination address that will be called a destination coordinate set. In 
the network 100, the destination coordinate set is composed of the 
topographic coordinate set of the destination network device, 
j In the following example, the source network device is the end-user 

device 112 and the destination network device is the end-user device 128. To 
send a message to a given destination network device, the source network 
device determines the topographic coordinate set of the destination device, 
and inserts the topographic coordinate set of the destination device as a 
destination coordinate set into the header of each packet in which the message 
is contained. To determine the destination coordinate set of the destination 
network device, the source network device may include a look-up table that 
includes a cross-reference between the real-world names of potential 
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destination end-users and the topographic coordinate sets of their end-user 
devices. The header of at least one packet of the message may additionally 
include the topographic coordinate set of the source network device. 
[0032] In the following description, it will be assumed that the message is 

5 contained in a single packet. The end-user device 112 automatically transmits 
the packet to the router 101 via the communication link 115. The router 101 
receives the packet and reads the destination coordinate set in the packet 
header. The router 101 then uses the destination coordinate set and the 
connected device coordinate sets stored in the router 101 to identify the one of 

10 its channels to which it will send the packet for onward transmission. The 

channel identified is that directly connected to one of the topographic network 
devices that is physically closer to the destination network device than the 
router 101. In an embodiment, the channel identified is that directly connected 
to the topographic network device that is physically closest to the destination 

15 network device. In this example, the topographic network device that is 
physically closest to the destination network device is the router 103. 
[0033] The router 101 may perform topographical calculations to identify the 

channel directly connected to one of the topographic network devices that is 
physically closer to the destination network device than the router 101. 

20 Alternatively, the router 101 may employ a look-up table or other suitable 
processing. 

[0034] The packet passes through the router 101 to the identified channel. In 

this example, the identified channel is the channel directly connected to the 
router 103. The channel transmits the packet to the router 103 via the 
25 communication link 119. 

[0035] At the router 103, a process similar to that just described takes place, 

and the router 103 identifies one of its channels that is directly connected to 
one of the topographic network devices that is physically closer to the 
destination network device than the router 103. In an embodiment, the 
30 channel identified is the channel directly connected to the topographic 
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network device that is physically closest to the destination network device. In 
this example, the topographic network device that is physically closest to the 
destination network device is the router 107, and the router 103 transmits the 
message to the router 107 via the communication link 121. 
5 [0036] At the router 107, a similar process to that just described takes place, 

and the router 107 identifies the one of its channels directly connected to end- 
user device 128 as the channel directly connected to the topographic network 
device that is physically closer to the destination network device than the 
router 107. In this case, the topographic network device that is physically 

10 closer to the destination network device than the router 107 is the destination 
network device itself, i.e., the end-user device 128. The router 107 transmits 
the message to the end-user device 128 via the communication link 123. In the 
above-described message routing, the routers 101, 103 and 107 are the 
intermediate network devices through which the message passes on its journey 

15 through the network 100 between the source network device and the 

destination network device. 
[0037] Figure 2 is a block diagram of an exemplary embodiment of the router 

101 as an example of the routers 101-108 constituting the network 100. The 
remaining routers are similar. The router 101 is composed of one or more 

20 channel cards 232 connected to the back plane 234, and additionally includes 
the coordinate store 236 and the optional coordinate input module 238. A 
simple embodiment of the router 101 may lack channel cards, and the circuits 
described below as constituting the router 101 may all be located on a single 
printed circuit board. 

25 [0038] The channel cards 232 typically include more than one channel (not 

shown). Each channel is allocated a channel address, which is internal to the 
router 101. Each channel is directly connected by a communication link to 
another of the topographic network devices, and receives a data stream from, 
and transmits packets of data to, the other topographic network device via the 

30 communication link. The embodiment shown in Figure 2 is simplified to the 
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extent that each channel card is shown as including only one channel. The 
channel on the exemplary channel card 240 is directly connected by the 
communication link 111 to a channel (not shown) of the router 102 (Figure 
1). 

5 [0039] The channel cards 232 additionally receive packets of data from, and 

transmit packets of data to, the backplane 234. The packets of data 
transmitted to or from the backplane differ from those transmitted to and 
received from the other topographic network devices and will be called 
envelopes to distinguish them. 

10 [0040] The backplane 234 sends each envelope it receives from any one of the 

channel cards 232 to a specific channel of any one of the channel cards. The 
channel to which the backplane is to send the envelope is indicated by a 
destination channel address included in the header of the envelope. The 
channel card determines the destination channel address using the destination 

15 coordinate set and the connected device coordinate sets stored in the router 
101. The destination coordinate set is the topographic coordinate set of the 
destination network device and is included in the header of each packet in 
which the message is contained. This process be described in more detail 
below. 

20 [0041] The coordinate store 236 and the optional coordinate input module 238 

are shown connected to the backplane 234, and may additionally be located 
on the backplane. 

[0042] The coordinate store 236 includes the memory 241 and the memory 

242. The memory stores the connected device coordinate sets received by the 
25 router 101. The memory is preferably a rewritable, non- volatile memory such 
as a EPROM or a flash memory. Non-volatile memory extant on the backplane 
234 may be shared between the coordinate store and other memory functions 
of the router 101. 

[0043] The interface 241 transfers topographic coordinate sets from the 

30 backplane 234 into the memory 242 and transfers connected device coordinate 
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sets from the memory to the backplane. 
[0044] In the coordinate store 236, the memory 241 includes a number of 

fields, each of which stores one of the topographic coordinate sets received by 
the router 101 as a respective connected device coordinate set. Each connected 
5 device coordinate set is linked to the channel address of the channel through 
which the router 101 received the respective topographic coordinate set. For 
example, each field may additionally store the channel address of the channel 
through which the router 101 received the topographic coordinate set 
corresponding to the connected device coordinate set. Alternatively, the 

10 channel address may be used as the address of the field. In this case, each 

connected device coordinate set is stored in the field whose field address is the 
channel address of the channel through which the router 101 received the 
corresponding topographic coordinate set. The coordinate store may 
additionally store the topographic coordinate set of the router 101. 

15 [0045] In an embodiment, the interface 242 of the coordinate store 236 is 

configured as a channel card interface. The channel card interface is 
electrically connected to the back plane 234 in the same way as the channel 
cards 232 and is allocated a channel address. As a result, the coordinate store 
236 appears to the backplane 234 as an additional channel of the router 101. 

20 The coordinate store accepts topographic coordinate sets from, and sends 

connected device coordinate sets to, the channels of the router via the channel 
card interface. The topographic coordinate sets and the connected device 
coordinate sets are packaged in packets that are enclosed in envelopes. 
Envelopes sent by the channels to the coordinate store are addressed to the 

25 channel address of the coordinate store. Envelopes sent by the coordinate store 
to a channel are addressed to the channel address of the channel. 
[0046] The channel card interface 242 removes the packets from the envelopes 

it receives, extracts the topographic coordinate sets from the packets and stores 
them in the memory 241 as corresponding connected device coordinate sets. 

30 Additionally, the channel card interface receives connected device coordinate 
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sets read from the memory, packages the connected device coordinate sets in 
packets and encloses the packets in envelopes addressed to one or more of the 
channels. The channel card interface sends the envelopes through the 
backplane 234 to the channels to which they are addressed. 
5 [0047] As noted above, the router 101 may include the coordinate input 

module 238 through which the router receives its own topographic coordinate 
set. Typically, the coordinate input module receives the topographic coordinate 
set of the router 101 shortly after the router 101 has been installed in the 
network 100. The coordinate input module inserts the topographic coordinate 

10 set into packets that have no destination address but that are identified as 
topographic coordinate packets. The coordinate input module encloses each 
topographic coordinate packet in an envelope each addressed to a different 
one of the channels of the router 101 and sends the envelopes to the 
backplane 234. Each envelope passes through the backplane to the channel to 

15 which it is addressed. 

[0048] In each channel of the router 101, the topographic coordinate packet is 

removed from its envelope and is transmitted through the communication link 
to the topographic network device directly connected to the channel. Thus, the 
topographic network device connected to the channel receives a topographic 

20 coordinate packet containing the topographic coordinate set of the router 101. 

For example, the router 102 connected to the channel on the channel card 240 
receives a topographic coordinate packet containing the topographic 
coordinate set of the router 101 via the communication link 111. 
[0049] When each of the topographic network devices connected to the router 

25 101 receives a packet identified as a topographic coordinate packet, the 

topographic network device stores the topographic coordinate set included in 
the packet in its coordinate store. Additionally, in response to receiving the 
topographic coordinate packet, the topographic network device operates as 
just described to transmit a topographic coordinate packet containing its own 

30 topographic coordinate set back to the router 101. 
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[0050] The router 101 receives the topographic coordinate packet from the 

topographic network device via the one of its channels directly connected to 
the topographic network device. For example, the router 101 receives a 
topographic coordinate packet containing the topographic coordinate set of the 
5 router 102 via the channel on the channel card 240 connected to the router 

102 by the communication link 111. The channel recognizes the packet as a 
topographic coordinate packet, and encloses the packet in an envelope 
addressed to the coordinate store 236. The envelope passes through the 
backplane 234 to the coordinate store. The coordinate store reads the envelope 

10 header of the envelope to determine the channel address of the channel that 
sent the envelope. The coordinate store removes the topographic coordinate 
packet from its envelope, extracts the topographic coordinate set from the 
packet and stores the topographic coordinate set in one of the fields of the 
memory 241 as a connected device coordinate set. The field in which the 

15 topographic coordinate set is stored as a connected device coordinate set may 
be the field indicated by the channel address. Alternatively, the topographic 
coordinate set may be stored in the memory as a connected device coordinate 
set linked to the channel address. 
[oo5i] Thus, shortly after the router 101 is installed in the network 100, the 

20 router is provided with its own topographic coordinate set and transmits a 

topographic coordinate packet containing its topographic coordinate set to 
each of the topographic network devices directly connected to it. In response, 
the router 100 receives a topographic coordinate packet from each of the 
topographic network devices direcdy connected to it and stores the 

25 topographic coordinate set included in each topographic coordinate packet in 
its coordinate store as a connected device coordinate set. The connected device 
coordinate sets stored in the router 101 inform the router 101 of the physical 
locations of the topographic network devices directly connected to it, and 
hence allow the router 101 to route messages through the network 100. 

30 [0052] The coordinate input module 238 is shown in Figure 2 as being 
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independently connected to the back plane 234. The coordinate input module 
may be configured to appear to the backplane as an additional channel of the 
router 101. Alternatively, the coordinate input module may be connected to 
the backplane via the interface 242 of the coordinate store 236. In this case, 
5 the coordinate input module shares the interface 242 with the memory 241. 
[0053] Figure 3 is a block diagram of an exemplary embodiment of the channel 

card 240, which is one of the channel cards 232 of the router 101 shown in 
Figure 2. The remaining channel cards are similar. The channel card is 
composed of the transmitter/receiver (TX/RX) 360, the packet processing 

10 engine {PACKET PROCESSING ENGINE) 362, the output queue 364, the 

coordinate memory 366 and the topographic processor 368. The channel card 
240 may include more than one transmitter/receiver similar to the 
transmitter/receiver 360 connected to the packet processing engine, in which 
case, the channel card 240 handles more than one channel. In some 

15 applications, the transmitter/receiver may be a transmitter only or a receiver 
only. The terms transmitter/receiver and TX/BX will be understood to 
encompass a transmitter, a receiver and a transmitter/receiver. 
[0054] The transmitter/receiver 360 receives a data stream from the 

communication link 111 and transmits the data stream to the PACKET 

20 PROCESSING ENGINE 362. In addition, the transmitter/receiver receives 

packets of data from the PACKET PROCESSING ENGINE and transmits them to 
the communication link. 
[0055] The coordinate memory 366 stores a copy of the store contents of the 

coordinate store 236 (Figure 2). These contents include the connected device 

25 coordinate sets of the topographic network devices directly connected to the 

router 101 and the channel addresses of the channels to which each of the 
topographic network devices is connected. The store contents are copied from 
the coordinate store to the coordinate memory via the backplane 234 and the 
PACKET PROCESSING ENGINE 362. For example, the coordinate store may 

30 package a copy of the store contents in an envelope addressed to one of the 
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channels on the channel card 240. The envelope then passes through the 
backplane 234 to the PACKET PROCESSING ENGINE 362. The PACKET 
PROCESSING ENGINE extracts the store contents copy from the envelope and 
stores it in the coordinate memory. The copies of the connected device 
5 coordinate sets may be stored the coordinate memory at memory addresses 
corresponding to the channel addresses respectively linked to the connected 
device coordinate sets. 
[0056] When a message is received by the channel card 240, the PACKET 

PROCESSING ENGINE 362 performs a framing operation on the data stream 

10 received from the transmitter/receiver 360 to determine the boundaries of the 
packets. Once it has determined the boundaries of the packets, the PACKET 
PROCESSING ENGINE performs a header read operation to read the header of 
each packet. The header includes the topographic coordinate set of the 
destination network device, i.e., the destination coordinate set, that is read by 

15 the header read operation. 

[0057] The PACKET PROCESSING ENGINE 362 feeds a copy of the destination 

coordinate set DESTINATION COORDINATE SET to the topographic processor 
368. The topographic processor uses the destination coordinate set received 
from the PACKET PROCESSING ENGINE and the connected device coordinate 

20 sets stored in the coordinate memory 366 to determine a destination channel 
address DCA. The destination channel address is the channel address of the 
channel of the router 101 that is direcdy connected to one of the topographic 
network devices that is physically closer to the destination network device than 
the router 101. 

25 [0058] The topographic processor 368 may first examine the connected device 

coordinate sets to determine whether any of them is identical to the 
destination coordinate set. In this case, the destination network device is 
directly connected to the router 101, and the topographic processor returns the 
address of the channel connected to the destination network device as the 

30 destination channel address. If no identity is found, the topographic processor 
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may determine a distance between the router 101 and the destination network 
device and may additionally determine a distance between the destination 
network device and each of the topographic network devices connected to the 
router 101. The topographic processor may calculate a distance for each 
5 topographic network device connected to the router 101 in a predetermined 
order, and may stop the calculation process when a distance less than the 
distance between the router 101 and the destination network device is found. 
The topographic processor returns the channel address of the channel 
connected to the topographic network device that is closer to the topographic 

10 network device than the router 101 as the destination channel address DCA. 
[0059] In an embodiment, the topographic processor 368 determines a distance 

between the destination network device and the topographic network device 
for each of the topographic network devices connected to the router 101. The 
topographic processor examines the distances it has calculated to identify the 

15 smallest distance, and returns the channel address of the channel connected to 
the topographic network device having the smallest distance as the destination 
channel address DCA. In this case, the destination channel address is the 
channel address of the channel that is directly connected to the one of the 
topographic network devices that is physically closest to the destination 

20 network device. 

[0060] To determine the distances as just described, the topographic processor 

368 may perform topological calculations using the destination coordinate set 
and the connected device coordinate sets. An additional distance calculation 
may be performed using the destination coordinate set and the topographic 

25 coordinate set of the router 101. Algorithms for determining the distance 

between two points with defined topographic coordinates are known in the 
art, and will not be described here. Alternatively, the topographic processor 
may employ a look-up table or other suitable processing, 
[ooeii The PACKET PROCESSING ENGINE 362 inserts the packet whose 

30 header has just been read into one or more envelopes suitable for sending 
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through the router 101. As noted above, the envelopes may be packet-like 
structures having a fixed length. The PACKET PROCESSING ENGINE inserts 
the destination channel address DCA received from the topographic processor 
into the header of each envelope and sends the envelope to the back plane 234 
5 (Figure 2). The envelope passes via the back plane to the destination channel, 

i.e., the channel of the router 101 identified by the destination channel 
address. 

[0062] In the destination channel, a PACKET PROCESSING ENGINE similar to 

the PACKET PROCESSING ENGINE 362 extracts the packets from their 

10 respective envelopes and feeds them to a transmitter/receiver similar to the 
transmitter/receiver 360. The transmitter/receiver transmits the packets via a 
communication link to the topographic network device at the remote end of 
the communication link. The packets may be stored in a transmit queue (not 
shown) prior to transmission. 

15 [oo63] Substantially fewer data need to be stored in the routers in the network 

100 according to the invention than are stored in the large routing tables of 
the routers in conventional networks. The routers of the network according to 
the invention can determine topographical routings using simple topographic 
algorithms. Moreover, the message travels to the destination network device 

20 by a simpler, more direct route in which the message passes through fewer 

topographic network devices. Thus, the potential for the message to be delayed 
is reduced. 

[0064] Figure 4 is a block diagram of an example of the structure of the end- 

user device 112 of the network 100. The end-user device may take the physical 

25 form of a network card located in a host device (not shown), such as a 
computer. The other end-user devices of the network may have a similar 
structure. The end-user device 112 is composed of the transmitter/receiver 
470, the packet processing engine 472, the output queue 474, the topographic 
addressing engine 478 and the coordinate input module 438. The 

30 transmitter/receiver and the output queue are similar to the 
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transmitter/receiver 360 and the output queue 364 of the channel card 240 
described above with reference to Figure 3, and will not be described further. 
The coordinate input module is similar to the coordinate input module 238 of 
the router 101 described above with reference to Figure 2, and will not be 
5 described further. 

[0065] The transmitter/receiver 470 has an communication interface 

connected to the communication link 115 and a channel interface connected 
to the packet processing engine 472. The packet processing engine 472 has an 
output connected via the output queue 474 to the message output 480. The 

10 packet processing engine 472 also has a message input connected to the 

message input 482 and an address input connected to receive the destination 
coordinate set generated by the topographic addressing engine 478. The 
packet processing engine additionally includes an input connected to the 
output of the coordinate input module 438. 

15 [0066] The topographic addressing engine 478 has inputs connected to the 

destination address input 484 and to the output of the coordinate input 
module 438. The coordinate input module has an input connected to the 
coordinate set input 486. The message input 482, message output 480 and the 
destination address input 484 are connected to the host device (not shown). 

20 The coordinate set input 486 may also be connected to the host device or may 

receive the topographic coordinate set of the end-user device 112 
independently of the host device. 
[0067] After installation of the end-user device 112 in the network 100, the 

coordinate input module 438 of the end-user device 112 receives the 

25 topographic coordinate set of the end-user device 112. The topographic 

coordinate set may be received via the coordinate set input 486. Ways of 
determining and inputting the topographic coordinate set of a topographic 
network device such as the end-user device 112 will be described in more 
detail below. 

30 [0068] Upon receiving the topographic coordinate set of the end-user device 
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112, the coordinate input module 438 feeds the topographic coordinate set to 
the packet processing engine 472. The packet processing engine packages the 
topographic coordinate set in a packet identified as a topographic coordinate 
packet, described above, and forwards the packet to the transmitter/receiver 
5 470. The transmitter/receiver transmits the packet to the router 101 (Figure 1) 
via the communication link 115. This informs the router 101 of the 
topographic coordinate set of the end-user device 112. 
[0069] At the router 101, the topographic coordinate set of the end-user device 

112 is stored in the coordinate store 236 as a connected device coordinate set, 

10 as described above. The connected device coordinate set of the end-user device 

112 is stored in the coordinate store linked to the channel address of the 
channel of the router directly connected to end-user device 112 by the 
communication link 115. In response to receiving the topographic coordinate 
set of the end-user device 112, the router 101 transmits its own topographic 

15 coordinate set at least to the end-user device 112. The end-user device 112 
may store the topographic coordinate set received from the router 101. 
Alternatively, the end-user device 112 may discard the topographic coordinate 
set received from the router 101 since messages originating at the end-user 
device 112 are automatically transmitted to the router lOlregardless of the 

20 destination network device to which the message is addressed. 

[0070] To receive a message, the transmitter/receiver 470 receives a bitstream 

from the router 101 via the communication link 115 and forwards the 
bitstream to the packet processing engine 472. The packet processing engine 
detects the packet boundaries, extracts the message from the packets and feeds 

25 the message to the message output 480 via the output queue 474. 

[oo7i] To transmit a message, the end-user device 112 receives the message 

from the host (not shown) via the message input 482 and receives the 
destination address from the host via the destination address input 484. The 
destination address passes to the topographic addressing engine 478. The 

30 topographic addressing engine translates the real- world name or non- 
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topographic network address of the topographic network device that is the 
destination of the message, i.e., the destination network device, to a 
destination coordinate set, i.e., the topographic coordinate set of the 
destination network device. The topographic addressing engine may employ a 
5 look-up table to perform this translation. The look-up table may be a self- 
updating look-up table that automatically learns the topographic coordinate 
set and real- world address of each destination network device to which a 
message is addressed. The topographic addressing engine feeds the destination 
coordinate set DESTINATION COORDINATE SET for the message to the packet 

10 processing engine 472. 

[0072] The message passes from the message input 482 to the packet 

processing engine 472. The packet processing engine packages the message in 
one or more packets and includes the destination coordinate set received from 
the topographic addressing engine 478 in the header of each packet. The 

15 packet processing engine may additionally include the topographic coordinate 
set of the end-user device 112 in the header of at least the first packet of the 
message. The packet processing engine feeds the packets to the 
transmitter/receiver 470. The transmitter/receiver transmits the packets to the 
router 101 via the communication link 115. The router 101 forwards the 

20 message towards the destination network device as described above. 

[0073] The coordinate input module 438 is optional and may be omitted from 

the end-user device 112. In this case, the end-user device 112 receives its 
topographic coordinate set via a communication link temporarily substituted 
for the communication link 115 connected to the communication interface of 

25 the transmitter/receiver 470. The topographic coordinate set is packaged in a 

packet identified as a topographic coordinate packet. The packet processing 
engine is configured to store the topographic coordinate packet temporarily, 
and to re-transmit the topographic coordinate packet when the communication 
link 115 is re-connected to the communication interface of the 

30 transmitter/receiver 470. 
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[0074] To enable a topographic network device, such as the router 101 or the 

end-user device 112, to transmit its own topographic coordinate set to the 
topographic network devices directly connected to it, the topographic 
coordinate set of the topographic network device is provided to the 
5 topographic network device. The topographic network device may be provided 
with its topographic coordinate set in a different ways, exemplary ones of 
which will be described next. 
[0075] A person may determine the topographic coordinate set of the 

topographic network device by reading a suitable map, plan or other drawing. 

10 In this disclosure, the word map will be regarded as encompassing maps, plans 

and other drawings. The person may alternatively determine the topographic 
coordinate set of the topographic network device by reading the display of a 
GPS receiver co-located with the topographic network device. The person may 
then enter the topographic coordinate set into the topographic network device 

15 using an input device, such as a keyboard, connected to the topographic 

network device. The input device may be connected to general-purpose control 
port provided in the topographic network device, for example. Alternatively, 
the input device may be connected to a communication input module, such as 
the coordinate input module 238 shown in Figure 2. The input device may be 

20 connected to the port directly or via a computer to enable the topographic 
coordinate set to be entered. 
[0076] When the topographic network device is a computer connected to the 

network 100 as an end-user device, the person may user the computer's own 
keyboard to type the topographic coordinate set, determined as exemplified 

25 above, into a data entry screen of a network set-up program running on the 

computer. A router may also run a network set-up program into which the 
topographic coordinate set of the router can be entered. 
[0077] The topographic coordinate set of a topographic network device, 

determined as exemplified above, may be transmitted to the topographic 

30 network device via one of its own network connections. For example, the 
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topographic coordinate sets of all the topographic network devices directly 
connected to a first network device may be input into the first network device, 
and the first network device may transmit the topographic coordinate sets to 
the topographic network devices directly connected to it. Each topographic 
5 coordinate set may be contained in a packet identified as a topographic 
coordinate packet containing the topographic coordinate set of the first 
network device. The topographic network devices are each configured to 
extract the topographic coordinate set from a received topographic coordinate 
packet and to store the topographic coordinate set as its own topographic 

10 coordinate set. For example, the router 101 shown in Figure 2 may receive the 
topographic coordinate packet at one of its channel inputs. Then channel sends 
the topographic coordinate packet through the router to the coordinate store 
236. In the coordinate store, the topographic coordinate set is extracted from 
the topographic coordinate packet and is stored in a location in the memory 

15 241 allocated for storing the topographic coordinate set of the router 101. 
[0078] The topographic network device may be configured to receive its 

topographic coordinate set electronically from a co-located GPS receiver. 
Figure 1 shows the GPS receiver 120 connected to the end-user device 112 and 
the GPS receiver 122 connected to the router 104. For stationary topographic 

20 network devices, the connection need only be a temporary connection 

established when the topographic network device is installed in the network. 
The temporary connection between the GPS receiver 122 and the router 104 is 
indicated by the broken line 124. Alternatively, the GPS receiver may be built 
into the topographic network device. The GPS receiver 126 is shown built into 

25 the end-user device 128. 

[0079] The topographic network device may include a GPS data port 

configured to connect to a GPS receiver. The topographic network device then 
receives its topographic coordinate set from the GPS receiver electronically via 
the GPS data port. The GPS data port may be a port specifically configured to 

30 connect to a GPS receiver, or may be a conventional serial, parallel, Ethernet 
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or other network, USB, IEEE 1394 or other suitable port capable of receiving 
data output by a GPS receiver as a topographic coordinate set. In the router 
101 shown in Figure 2, the coordinate input module 238 may be configured to 
include a GPS data port (not shown). Alternatively, the GPS receiver may 
5 include an output configured to connect to one of the channel inputs of the 

router 101 and to deliver the topographic coordinate set in a packet labelled as 
a topographic coordinate packet, as described above. 
[0080] The above-described embodiment of network 100, in which each 

topographic network device transmits the message to the directly-connected 

10 topographic network device physically closest to the destination network 

device, may be modified to take account of network traffic. In this case, each 
topographic network device, as a first network device, does not transmit the 
message to a second network device closest to the destination network device 
when the communication link to the second network device is congested. 

15 Instead, the first network device transmits the message to a third network 

device. The third network device is closer to destination network device than 
the first network device and is directly connected to the first network device by 
a communication link that is less congested than the communication link to 
the second network device. However, the third network device is not the 

20 directly-connected topographic network device that is closest to the destination 
network device. 

[008i] A method 500 for establishing a network according to the invention for 

communicating information will now be described with reference to Figure 5 A. 
[0082] In the method, in process 501, a network is provided. The network 

25 includes topographic network devices and communication links 

interconnecting the topographic network devices. Each topographic network 
device has a physical location represented by a topographic coordinate set. 
[0083] In process 503, a network address that includes the topographic 

coordinate set of the topographic network device is assigned to each 
30 topographic network device. 
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[0084] In process 505, the topographic coordinate set of at least one 

topographic network device, an intermediate network device, is transmitted to 
the topographic network devices directly connected to the intermediate 
network device. 

5 [0085] In process 507, the topographic coordinate set of the intermediate 

network device is received and stored by the topographic network devices 
directly connected to the intermediate network device. 
[0086] Process 503 may include providing a global positioning system receiver, 

co-locating the global positioning system receiver and the topographic network 

10 device, and determining the topographic coordinate set of the topographic 
network device from the global positioning system receiver. Alternatively, a 
map may be provided, the topographic coordinate set of the topographic 
network device may be determined from the map, and the topographic 
coordinate set may be input into the topographic network device. 

15 [0087] Process 505 may include inserting the topographic coordinate set into a 

packet configured for transmission through the network, and transmitting the 
packet through the network to the topographic network devices connected to 
the intermediate network device. 
[0088] Process 507 may include receiving the packet including the topographic 

20 coordinate set at at least one of the topographic network devices directly 

connected to the intermediate network device as a receiving network device, 
sending the packet through the receiving network device, extracting the 
topographic coordinate set from the packet, and storing the topographic 
coordinate set as a connected device coordinate set. 

25 [0089] The method may additionally include processes 509 and 511 shown in 

Figure 5B. In process 509, in response to receiving the topographic coordinate 
set, respective topographic coordinate sets are transmitted from the 
topographic network devices directly connected to the intermediate network 
device. 

30 [0090] In process 511, the topographic coordinate sets are received and stored 
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at the intermediate network device as respective connected device coordinate 
sets. 

[0091] The method may additionally include the process 513 shown in Figure 

5C. In process 513, a message is transmitted through the network between a 
5 source network device and a destination device. The source network device 
and the destination network devices are two of the topographic network 
devices. The message includes the topographic coordinate set of the 
destination network device. Process 513 includes processes 515, 517 and 519. 
[0092] In process 515, the message is received at the intermediate network 

10 device. 

[0093] In process 517, one of the topographic network devices directly 

connected to the intermediate network device is identified using the 
topographic coordinate set of the destination network device included in the 
message and the connected device coordinate sets stored in the intermediate 

15 network device. The topographic network device identified is physically closer 

to the destination network device than the intermediate network device. 
[0094] In process 519, the message is transmitted from the intermediate 

network device to the identified network device. 
[0095] The method 500 may additionally comprise transmitting one or both of 

20 (a) a device type indication, and (b) additional topographic information, of the 

intermediate network device to the network devices direcdy connected to the 
intermediate network device. 
[0096] Figure 6 is a flow chart illustrating a method 600 for transmitting a 

message through a network according to the invention. 

25 [0097] In process 601, a network is provided. The network includes 

topographic network devices and communication links interconnecting the 
topographic network devices. Each topographic network device has a physical 
location represented by a topographic coordinate set, and additionally has a 
network address that includes the topographic coordinate set. The topographic 

30 network devices include a source network device, a destination network device 



A-10004253 PATENT 

-31- 

and an intermediate network device. Ones of the topographic network devices, 

including the intermediate network device, store the topographic coordinate 

sets of those of the topographic network devices directly connected to them as 

respective connected device coordinate sets. 
5 [0098] In process 603, the topographic coordinate set of the destination 

network device is appended to the message. 
[0099] In process 605, the message is transmitted through the network from 

the source network device to the destination network device. Process 605 

includes processes 607, 609 and 611. 
10 [oioo] In process 607, the message is received at the intermediate network 

device. 

[oioi] In process 609, one of the topographic network devices directly 

connected to the intermediate network device is identified using the 
topographic coordinate set of the destination network device included in the 
15 message and the connected device coordinate sets stored in the intermediate 
network device. The topographic network device identified is physically closer 
to the destination network device than the intermediate network device. 
[0102] In process 611, the message is transmitted from the intermediate 

network device to the identified network device. 
20 [0103] In process 609, the topographic network device identified may be the 

topographic network device directly connected to the intermediate network 
device that is physically closest to the destination network device. 
[0104] Process 609 may include performing a topographic calculation using the 

topographic coordinate set of the destination network device and the 
25 connected device coordinate sets stored in the intermediate network device, 
[oios] In process 601, the topographic network devices, including the 

intermediate network device, may additionally store either or both of (a) a 
device type indication, and (b) additional topographic information for the 
topographic network devices directly connected to the intermediate network 
30 device, and, in process 609, the one of the topographic network devices may 
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be identified additionally in response to at least one of the device type 
information and the additional topographic information. 

The network 100 and methods described above may be modified to 
increase the efficiency with which a message is transmitted from the source 
network device to the destination network device. For example, in addition to 
its topographic coordinate set, each topographic network device of the 
network 100 may transmit a device-type indication to the topographic network 
devices directly connected to it. The device-type indication indicates whether 
or not the topographic network device has a message forwarding capability. A 
topographic network device has a message forwarding capability when it can 
receive a message from a first network device and can transmit the message to 
a second network device different from the first network device. A router has a 
message forwarding capability whereas an end-user device generally does not. 
Each router that receives the device-type indication may store the device-type 
indication in its coordinate store linked to the channel address of the channel 
through which it received the device-type indication. 
] In a router that stores device-type indications, the topographic 

processor, e.g., the topographic processor 368 shown in Figure 3, additionally 
uses the device-type indication in the above-described process that identifies 
the channel of the router to which to send the message for onward 
transmission. For example, after identifying the channel that is direcdy 
connected to the topographic network device that is closer or closest to the 
destination network device, the topographic processor may check the device- 
type indication linked to the identified channel. When the topographic 
processor determines from the device-type indication that the identified 
channel is directly connected to a topographic network device that lacks a 
message forwarding capability, and this topographic network device is not the 
destination network device, the topographic processor repeats the channel 
identification process to identify another of its channels. This ensures that the 
router transmits the message to a topographic network device that lacks a 
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message forwarding capability only when such topographic network device is 
the destination network device, 
[oios] Additionally or alternatively, in addition to its topographic coordinate 

set, each topographic network device of the network 100, as a first network 

5 device, may transmit additional topographic information to the topographic 

network devices direcdy connected to it as second network devices. The 
additional topographic information is information relating to the second 
network devices, and may be general or specific. General topographic 
information indicates a range of topographic coordinates that cannot be 

10 reached from the first network device via the second network devices. Specific 

topographic information includes a copy of the connected device coordinate 
sets stored in the first network device. The connected device coordinate sets 
stored in the first network device relate to the second network devices. Each 
router that receives the additional topographic information may store the 

15 additional topographic information in its coordinate state linked to the channel 

address of the channel through which the additional topographic information 
was received. 

[0109] In a router that receives the additional topographic information, the 

topographic processor, e.g., the topographic processor 368 shown in Figure 3, 

20 uses additional topographic information in the above-described process that 
identifies the channel of the router to which to send the message for onward 
transmission. The topographic processor uses the additional topographic 
information to avoid transmitting the message to a topographic network device 
that lacks the communication links necessary to forward the message 

25 efficiently to the destination network device. 

[oiio] When the additional topographical information includes specific 

topographical information, the topographic processor 368 uses the specific 
topographic information to route the message more efficiently. In this case, the 
topographic processor identifies the channel of the router to which to send the 

30 message for onward transmission by looking beyond the connected device 
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coordinate sets of the topographic network devices directly connected to the 
router 101, i.e., the directly-connected topographic network devices, to the 
connected device coordinate sets of the topographic network devices directly 
connected to the directly-connected network devices. Identifying the channel 
to which to send the message using the connected device coordinate sets of the 
topographic network devices directly connected to the directly-connected 
network devices provides the ability to route the message to the destination 
network device more directly than identifying the channel using only on the 
connected device coordinate sets of the directly-connected network devices, 
[oiii] An example of the use of the additional topographical information to 

route messages more directly will now be described with reference to Figure 1. 
In the network 100, the physical location of the router 101 is west of that of 
the router 102. Hence, upon receiving a message addressed to the destination 
network device 129 direcdy connected to the router 108 located in Tokyo, 
Japan, the router 103 would tend to forward such message to the router 101 
since the router 101 is west of the router 102. However, no communication 
link extends from the router 101 to a router located west of the router 101. As 
a result, if the router 103 transmitted the message to the router 101, the router 
101 would have to return the message, marked as undeliverable, to the router 
103, or would have to forward the message to the router 102. 
[0ii2] The additional topographic information received by the router 103 from 

the routers 101 and 102 enables the router 103 to route the message 
addressed to the end-user device 129 more directly, i.e., via the router 102. 
The additional topographic information received from the router 101 may be 
general topographic information indicating that no communication links 
extend from the router 101 to topographic network devices located west of 
123°W. Alternatively, the additional topographic information received from the 
router 101 may be specific topographic information composed of the 
connected device coordinate sets of the topographic network devices directly 
connected to the router 101. This specific topographical information indicates 
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that no topographic network devices located west of 123°W are directly 
connected to the router 101. 
[oii3] The additional topographic information received from the router 102 

may be general topographic information indicating no relevant limitations on 
5 westward communication links extending from the router 102. Alternatively, 
the additional topographic information received from the router 102 may be 
specific topographic information composed of the connected device coordinate 
sets of the topographic network devices directly connected to the router 102. 
One of the connected device coordinate sets corresponds to the topographic 
10 coordinate set of the router 108. 

[oii4] The topographic processor of the router 103 operates in response to the 

destination coordinate set of the message, the connected device coordinate sets 
of the topographic network devices directly connected to router 103, including 
the routers 101 and 102, and the additional topographic information to 
15 identify the channel of the router 103 to which to send the message. The 

additional topographic information includes the additional topographic 
information received from the routers 101 and 102. As a result, the channel 
identified is that connected to the router 102. 
[oiis] As an alternative to additional topographic information being 

20 communicated among the topographic network devices of the network 100, 

the additional topographic information may be built into the topographic 
network devices of the network or may be provided to each topographic 
network device using the network in a manner akin to the way in which the 
topographic coordinate set is provided to the topographic network device. 
25 [0ii6] Additional topographic information provided in the manner just 

described could be used to provide information relating to substantially static 
aspects of the network, such as the topographic coverage of the network and 
the topographic coordinate sets of the topographic network devices that 
provide connections between the network and other networks. Such additional 
30 topographic information can also indicate the locations in the network of dead 
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ends, blind alleys and other impediments to the efficient flow of messages. 
Such additional topographic information can additionally or alternatively 
indicate the locations in the network of short cuts and other elements that 
promote the efficient flow of messages. Such additional topographic 
information can also provide information relating to static and dynamic 
aspects of the network, such as permanently or temporarily congested or 
under-used communication links, 
[on?] The topographic processor in each of the topographic network devices 

uses such additional topographic information to perform a routing check a 
proposed routing decision before the routing decision is implemented. The 
topographic processor can then make a new routing decision in the event that 
the routing check discovers a potential problem in the proposed routing 
decision, or if a better routing decision can be made, 
cons] The network may be constructed to have a hierarchical structure in 

which higher-speed, more efficient routes are deliberately provided, and are 
identified by the additional topographic information. For example, the 
additional topographic information may identify international connections to 
and from the network. Figure 7 shows an example of the network 700 that 
covers the United States and is connected to the rest of the world by a small 
number of topographic network devices, each of which will be called an 
international network device. The efficiency of such a network is improved by 
providing additional topographic information to the topographic network 
devices constituting the network 700. The additional topographic information 
indicates the topographic extent of the network 700, a list of the topographic 
coordinate sets of the international network devices of the network and the 
topographic extent of the network service provided via each of the 
international network devices. The additional topographic information enables 
the network 700 to route a message addressed to a destination network device 
located outside the network to the international network device having 
onward connections to the destination network device. The additional 
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topographic information prevents the message from having find a suitable 
international network device by trial and error. 
[oii9] In the example shown, the network 700 includes international network 

devices for north-bound, south-bound, west-bound and east-bound messages 

5 in Chicago, Miami, San Francisco and New York, respectively. In the additional 
topographic information, the topographic extent of network is indicated by a 
number of topographic coordinate sets, each of which defines a vertex of a 
polygon drawn around the network. The topographic extent of the network 
could alternatively be indicated by a look-up table, for example. 

10 [0120] In the network 700, each router through which a message passes 

performs the method 800 shown in Figure 8 to determine the routing of the 
message. 

[0121] In the method 800, in process 802, the message is received at the 

router. 

15 [0122] In process 804, a test is performed on the destination coordinate set of 

the message to determine whether the destination network device lies within 
the network 700. The topographic extent of the national network is indicated 
by the additional topographic information stored in the router. 
[0123] When the test result in process 804 is YES, execution advances to 

20 process 806, where the router transmits the message to another topographic 
network device that is physically closer to the destination network device. For 
example, topographic processor of the router uses the destination coordinate 
set of the message to identify the channel of the router directly connected to 
another topographic network device that is physically closer to the destination 

25 network device, and the message is sent to the identified channel for onward 
transmission. 

[0124] When the test result in process 804 is NO, execution branches to 

process 810. In process 810, the international network device that serves the 
range of topographic coordinate sets that includes the destination coordinate 
30 set is identified. 
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In process 812, the router transmits the message to another topographic 
network device that is physically closer to the international router identified in 
process 810. For example, the topographic processor of the router uses the 
topographic coordinate set of the international network device identified in 
process 810 to identify the channel of the router directly connected to another 
topographic network device that is physically closer to the identified 
international network device. The message is then sent to the identified 
channel for onward transmission towards the destination network device via 
the international network device. In this, the topographic processor identifies 
the channel of the router using the topographic coordinate set of the 
international network device instead of the destination coordinate set. 

The national network shown in Figure 7 can additionally be given a 
hierarchical internal structure in which the network is divided into regions 
interconnected by high-capacity communication links. A high-capacity 
communication link is a communication link capable of transporting more bits 
in a given time than a conventional communication link. The higher capacity 
may be obtained, for example, by a greater transmission bandwidth, or a 
greater parallel message carrying capability, or otherwise. In this case, the 
additional topographic information provided directly to the topographic 
network devices enables the topographic network devices to route the 
messages in a manner that takes advantage of the hierarchical internal 
structure of the network. In particular, the topographic network devices can 
use the additional topographic information in appropriate circumstances to 
override, at least in part, the point-to-point topographic routing scheme 
described above and instead to route the message via a higher-speed route. 
] Figure 9 shows an example of a network 900 in which the network is 

divided into regions and at least the routers of the network are provided with 
additional topographic information relating to the regions. The network 900 is 
shown divided into the regions 902, 903, 904 and 905. Each region includes a 
router that serves as a regional network device and that will be referred to as 
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such. The regions 902, 903, 904 and 905 include the regional network devices 
912, 913, 914 and 915, respectively. The number of regions shown is 
exemplary, and the network may be divided into more or fewer than the four 
regions shown. The regions are defined as polygons and are, to the extent 
possible, square or rectangular to enable their topographic extent to be defined 
with a minimum number of topographic coordinate sets. Most of the 
topographic network devices of the network 900 are omitted from Figure 9 to 
simplify the drawings. 
[0128] The regional network devices are interconnected by high-capacity 

communication links. For example, the regional network devices 912 and 913 
are interconnected by the high-capacity communication link 916. Some of the 
topographic network devices of the network are directly connected to the 
regional network devices, whereas others of the topographic network devices 
are indirectly connected to the regional network devices via other topographic 
network devices. Additional communication links (not shown) exist between 
each regional network device and others of the topographic network devices, 
typically routers, located in the region of the network 900 served by the 
regional network device. 
[0129] Dividing the network into regions having respective regional network 

devices interconnected by high-capacity communication links increases the 
efficiency with which inter-regional messages are routed through the network. 
Inter-regional messages are routed over most of their travel via the regional 
network devices and the high-capacity communication links instead of via a 
point-to-point route. This can reduce the number of routers through which 
such messages pass and, hence, the potential for delay. 
[oi30] In the network 900, the additional topographic information provided to 

all routers of the network indicates the topographic extent of the region in 
which the router is located and additionally indicates the topographic 
coordinate set of the regional network device of the region. For example, the 
additional topographic information provided to all routers of the region 902 
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indicates the topographic extent of the region 902 and additionally indicates 
the topographic coordinate set of the regional network device 912. 
[oi3i] The additional topographic information provided to each regional 

network device indicates the topographic extent of each of the regions and the 

5 identity of each of its channels directly connected to another of the regional 

network devices. For example, the additional topographic information 
provided to the regional network device 912 additionally indicates the 
topographic extent of each of the regions 902-905 and the identity of each of 
its channels directly connected to another of the regional network devices 913- 

10 915. 

[0132] Each router through which a message passes, except for a router that 

serves as a regional network device, performs the method 820 shown in Figure 
10A to determine the routing of the message. 
[0133} In the method 820, in process 822, the message is received at the 

15 router. 

[0134] In process 824, a test is performed on the destination coordinate set 

included in the message to determine whether the destination network device 
lies inside the region in which the router is located. The topographic extent of 
the region is identified by the additional topographic information stored in the 
20 router. 

[0135] When the test result is YES, execution advances to process 826, where 

router transmits the message to another topographic network device that is 
physically closer to the destination network device. For example, the 
topographic processor of the router uses the destination coordinate set 

25 included in the message to identify the channel of the router directly 

connected another topographic network device that is physically closer to the 
destination network device. The message is then sent to the identified channel 
of the router for onward transmission towards the destination network device. 
[oi36] The operation performed in process 826 corresponds to the normal 

30 topographic routing process described above, and the message proceeds to the 
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destination network device located in the same region as the router via the 
point-to-point routing scheme described above. 
[0137] When the test result in process 824 is NO, execution branches to 

process 830. In process 830, the router transmits the message to another 
5 topographic network device that is physically closer to the regional network 
device of the region in which the router is located. This other topographic 
network device may be the regional network device itself. For example, the 
topographic processor uses the topographic coordinate set of the regional 
network device to identify the channel of the router directly connected to 
10 another topographic network device that is physically closer to the regional 

network device. The message is then sent to the identified channel of the 
router for onward transmission towards the regional network device. The 
topographic coordinate set of the regional network device is part of the 
additional topographic information stored in the router. The topographic 
15 processor performs its normal channel identification routine using the 
topographic coordinate set of the regional network device instead of the 
destination coordinate set included in the message. 
[oi38] The regional network device performs the method 840 shown in Figure 

10B. Elements of the method 840 that correspond to elements of the method 
20 820 shown in Figure 10A are indicated using the same reference numerals and 

will not be described again. 
[0139] In the method 840, in process 842, the message is received at the 

regional network device. 
[oi40] When the test result in process 824 is YES, execution advances to 

25 process 826, described above, and the message proceeds to the destination 

network device located in the region served by the regional network device via 
the point-to-point topographic routing scheme described above. 
[oi4i] When the test result in process 824 is NO, execution branches to 

process 844, where the additional topographic information stored in the 
30 regional network device and indicating the topographic extent of each of the 
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regions is used to identify the region in which the destination network device 
is located. 

In process 846, the router transmits the message to the regional 
network device identified in process 844. For example, the topographic 
processor of the regional network device uses the additional topographic 
information stored in the regional network device and indicating the channels 
of the regional network device respectively connected to the other regional 
network devices to identify the channel of the regional network device directly 
connected to the regional network device of the region identified in process 
844. The message is then sent to the identified channel for transmission to the 
regional network device of the region identified in process 844. 

The regional network device 912, for example, processes outgoing 
messages received directly or indirectly from source network devices located in 
the region 902 and including destination coordinate sets indicating destination 
network devices located in the other regions 903-905. For example, one of the 
destination network devices may be located in the region 903 served by the 
regional network device 913. The regional network device 912 additionally 
processes incoming messages received from source network devices located in 
the other regions via the regions' respective regional network devices. These 
messages include destination coordinate sets indicating destination network 
devices located in the region 902. For example, one of the source network 
devices may be located in the region 903 served by the regional network 
device 913. 

] An example in which the regional network device 912 receives a 

message from a router located in the region 902, i.e., the region served by the 
regional network device 912, will now be described. The regional network 
device 912 performs the method 840 shown in Figure 10B. The destination 
coordinate set included in the message indicates that the destination network 
device is located in the region 903. Accordingly, the test performed at process 
824 returns a NO result, and execution branches to process 844. Process 844 



A-10004253 PATENT 

-43- 

identifies the region 903 as the region in which the destination network device 
is located, process 846 transmits the message to the regional network device 
913 of the region 903 identified in process 844. 

[0145] Upon receiving the message, the regional network device 913 also 

performs the method 840 shown in Figure 10B. In this case, the destination 
coordinate set in the message indicates that the destination network device is 
located in the region 903 served by the regional network device 913. 
Accordingly, the test performed at process 824 returns a YES result, and 
execution advances to process 826. The regional network device 913 transmits 
the message to the destination network device located in the region 903 using 
the point-to-point topographic routing scheme described above. 

[0146} Each region of the network 900 may additionally be sub-divided into 

sub-regions. The sub-regions may be further sub-divided to provide two or 
more levels of sub-regions. Figure 9 shows an example in which the region 902 
is sub-divided into a single level of sub-regions, i.e., the sub-regions 922, 923, 
924 and 925. The regions 903-905 are also sub-divided into sub-regions, but 
these sub-regions are not shown to simplify the drawing. The number of sub- 
regions shown is exemplary, and the region 902 may be divided into more or 
fewer than four sub-regions. Moreover, each region 902-905 may be divided 
into a different number of sub-regions, and the number of levels of sub-regions 
may differ among the regions and sub-regions. The sub-regions are defined as 
polygons. 

[oi47] The sub-regions 922, 923, 924 and 925 are served by the sub-regional 

network devices 932, 933, 934 and 935, respectively. The sub-regional 
network devices 932-935 are interconnected with one another and with the 
regional network device 912 by high-capacity communication links. For 
example, the sub-regional network devices 932 and 933 are interconnected by 
the high-capacity communication link 936, and the sub-regional network 
device 932 and the regional network device 912 are interconnected by the 
high-capacity communication link 937. The capacity of the communication 
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links interconnecting the sub-regional network devices with one another and 
the regional network device may be less than that of the communication links, 
such as the communication link 916, interconnecting the regional network 
devices 912-915. Additional communication links (not shown) exist between 
each sub-regional network device and others of the network devices (not 
shown), typically routers, located in the sub-region served by the sub-regional 
network device. 

[0148] Further dividing each region of the network into sub-regions having 

sub-regional network devices interconnected to one another and to the 
regional network devices by high-capacity communication links increases the 
efficiency with which intra-regional messages are routed through the network. 
Intra-regional messages are routed via the sub-regional network devices and 
high-capacity communication links instead of via a point-to-point route across 
the region. This reduces the number of routers through which such messages 
pass and, hence, the potential for delay. The efficiency with which inter- 
regional messages are routed is further increased. 

[oi49] In a network, such as the network 900, in which the regions are sub- 

divided, the additional topographic information provided to all routers of the 
network indicates the topographic extent of the sub-region in which the router 
is located and additionally indicates the topographic coordinate set of the sub- 
regional network device of the sub-region. 

[oi50] The additional topographic information provided to each sub-regional 

network device indicates the topographic extent of each the sub-regions of the 
region and the identity of each of its channels directly connected to another 
sub-regional network device in the region and to the regional network device 
of the region. For example, the additional topographic information provided to 
the sub-regional network device 932 indicates the topographic extent of each 
of the sub-regions 922-925 of the region 902 and the identity of each of its 
channels directly connected to one of the sub-regional network devices 933- 
935 and to the regional network device 912. 
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[0153] The additional topographic information provided to each router 

indicates the topographic extent of each of the regions, the identity of each of 
its channels directly connected to another regional network device, the 
topographic extent of each the sub-regions of the region served by the regional 
5 network device and the identity of each of its channels directly connected to 
one of the sub-regional network devices of the region. For example, the 
additional topographic information provided to the regional network device 
912 indicates the topographic extent of each of the regions 902-905, the 
identity of each of its channels directly connected to the regional network 
10 devices 913-915, the topographic extent of each of the sub-regions 922-925 of 

the region 902 and the identity of each of its channels directly connected to 
the sub-regional network devices 932-935. 
[0152] Each router through which a message passes, except for a router that 

serves as a regional network device or a sub-regional network device, performs 
15 the method 860 shown in Figure 10C to determine the routing of the message. 

Elements of the method 860 that correspond to elements of the method 820 
shown in Figure 10A are indicated using the same reference numerals and will 
not be described again. 
[0153] A YES result in process 824, described above, causes execution to 

20 advance to process 862. 

[oi54] In process 862, a test is performed on the destination coordinate set 

included in the message to determine whether the destination network device 
lies inside the sub-region. The topographic extent of the sub-region is 
identified by the additional topographic information stored in the router. 
25 [oiss] When the test result in process 862 is YES, execution advances to 

process 826, described above, and the message proceeds to the destination 
network device located in the same sub-region as the router via the point-to- 
point topographic routing scheme described above. 
[0i56] When the test result in process 862 is NO, execution branches to 

30 process 870. In process 870, the router transmits the message to another 
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topographic network device that is physically closer to the sub-regional 
network device. For example, the topographic processor of the router uses the 
topographic coordinate set of the sub-regional network device to identify the 
channel of the router directly connected to another topographic network 
device that is physically closer to the sub-regional network device. The 
topographic coordinate set of the sub-regional network device is part of the 
additional topographic information stored in the router. The message is then 
sent to the identified channel for onward transmission towards the sub- 
regional network device. The message proceeds to the sub-regional network 
device of the sub-region in which the router is located by the point-to-point 
topographic routing scheme described above. 

In embodiments of the network 900 in which the regions are divided 
into sub-regions, each sub-regional network device performs the method 840 
shown in Figure 10B, except that, in the above description of the method and 
in Figure 10B, instances of the words region and regional are replaced by sub- 
region and sub-regional, respectively. An outgoing message whose destination 
coordinate set indicates a destination network device located in another sub- 
region of the region gives a test result of NO at process 824 in the sub-regional 
network device. Consequently, processes 844 and 846 transmit such a message 
directly to the sub-regional network device of the sub-region in which the 
destination network device is located. An incoming message whose destination 
coordinate set indicates a destination network device located in the sub-region 
served by the sub-regional network device gives a test result of YES at process 
824 in the sub-regional network device. Consequently, process 826 transmits 
such a message towards the destination network device located in the sub- 
region by the point-to-point topographic routing scheme described above. 
] In embodiments of the network 900 in which the regions are divided 

into sub-regions, each regional network device performs the method 880 
shown in Figure 10D. Elements of the method 880 that correspond to elements 
of the methods 820 and 840 shown in Figures 10A and 10B, respectively, are 
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indicated using the same reference numerals and will not be described again. 
[0159] A YES result in process 824, described above, causes execution to 

advance to process 874. 
[0160] In process 874, the additional topographic information stored in the 

5 regional network device and indicating the topographic extent of each of the 
sub-regions into which the region is divided is used to identify the sub-region 
in which the destination network device is located. 
[oi6i] In process 876, the regional network device transmits the message 

directly to the sub-regional network device of the sub-region identified in 
10 process 874. For example, the topographic processor of the regional network 
device uses the additional topographic information stored in the regional 
network device and indicating each channel of the regional network device 
connected to one of the sub-regional network devices of the region to identify 
the channel of the regional network device directly connected to the sub- 
15 regional network device of the sub-region identified in process 874. The 

message is then sent to the identified channel for direct transmission to the 
sub-regional network device of the sub-region identified in process 874. 
[0162] A NO result in process 824, described above, causes execution to branch 

to processes 844 and 846 described above, which cause the message to be 
20 transmitted directly to the regional network device of the region identified in 
process 844. 

[0163] An example in which the regional network device 912 receives a 

message from a router located in the sub-region 923 of the region 902 served 
by the regional network device 912 will now be described. The destination 

25 coordinate set included in the message indicates that the destination network 
device is located in the region 903. Accordingly, the test performed at process 
824 returns a NO result, and execution branches to process 844. Process 844 
identifies the region 903 as the region in which the destination network device 
is located and process 846 transmits the message directly to the regional 

30 network device 913 of the region 903. 
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[0164] Another example, in which the regional network device 912 receives a 

message from the regional network device 913 of the region 903, will now be 
described. The destination coordinate set included in the message indicates 
that the destination network device is located in the region 902. When the 
5 regional network device performs the method 880 shown in Figure 10D, the 

test performed at process 824 returns a YES result, and execution advances to 
process 874. Process 874 identifies the sub-region 923 as the sub-region in 
which the destination network device is located and process 876 transmits the 
message directly to the sub-regional network device 933. 
10 [0165] The sub-regional network device 933 performs the method 840 shown 

in Figure 10B, modified as described above for operation in the sub-regional 
network device. In the method 840, the destination coordinate set of the 
message indicates that the destination network device is inside the sub-region 
923 served by the sub-regional network device 933. Consequently, process 826 
15 is performed to transmit the message towards the destination network device 

by the point-to-point topographic routing scheme described above. In the 
point-to-point topographic routing scheme, the message is transmitted to the 
destination network device either directly or via one or more intermediate 
network devices, as described above. 
20 [0166] Modifications to the above-described methods to enable them to 

operate with additional levels of the sub-regions will be apparent to a person 
of ordinary skill in the art. Moreover, modifications to the above methods to 
integrate a network divided into regions with the international routing scheme 
described above with reference to Figures 7 and 8 will also be apparent to the 
25 person of ordinary skill in the art. 

[0167] The invention is described above with reference to an example in which 

the network 100 is composed exclusively of topographic network devices, and 
in which the end-user devices generate the messages addressed with a 
destination coordinate set composed of the topographic coordinate set of the 
30 destination network device. In this example, all the network devices in the 
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network, including end-user devices, are each provided with a topographic 
coordinate set. However, this is not critical to the invention. Many of the 
benefits of the invention can be obtained in network in which some, if not all, 
of the end-user devices are conventional end-user devices and in which most, 
but not necessarily all, of the routers are topographic network devices. This 
approach greatly simplifies the task of providing the advantages of topographic 
routing in existing applications, such as the Internet, in which a very large 
number of conventional end-user devices exist. 
[0168] Network devices and network addresses will be regarded in this 

disclosure as being conventional when they are non-topographic, i.e., when the 
network address of the network device is unrelated to the physical location of 
the network device in a coordinate system. Conventional network devices are 
not provided with respective topographic coordinate sets, identify themselves 
with conventional network addresses and generate messages addressed with 
conventional network addresses as their destination network addresses. 
[0169] Figure 11 is a schematic diagram of a highly simplified example of a 

second embodiment 130 of a network according to the invention. In the 
network 130, at least some of the end-user devices are conventional end-user 
devices. In an embodiment, all of the end-user devices are conventional 
network devices. The routers 131-138 are topographic network devices, but 
this is not critical to the invention. Some of the routers may be conventional 
network devices. Elements of the network 130 that correspond to elements of 
the network 100 shown in Figure 1 are indicated using the same reference 
numerals and will not be described again here. 
[0170] In the highly-simplified example of the network 130 shown, the routers 

131-138 differ from the routers of the network 100 shown in Figure 1 in that 
they perform additional processing that enables conventional end-user devices 
to be connected to them, and that enables them to transmit messages to and to 
receive messages from conventional end-user devices and other networks 
composed of conventional network devices. The routers may additionally differ 
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structurally from the routers of the network shown in Figure 1. However, some 
of the routers may be similar to the routers of the network shown in Figure 1, 
since not all of the routers of the network 130 need be capable of having 
conventional end-user devices or networks connected to them. 
[0i7i] Also forming part of the network 130 are the exemplary end-user 

devices 141-148 directly connected to ones of the routers 131-138 by 
respective communication links, e.g., the communication links 115-117. Of the 
end-user devices in the example shown, at least the end-user devices 142 and 
145 are conventional network devices that generate messages with 
conventional network addresses. Most of the end-user devices that would 
normally be connected to the routers 131-138 have been omitted to simplify 
the drawing further. Conventional networks of conventional network devices 
may also be connected to the network 130. The network devices of such 
networks will be regarded as being directly connected to the routers of the 
network 130 to which the networks are respectively connected. For example, 
network devices in the network 149 will be regarded as being directly 
connected to the router 136. 

[0172] The topographic routers of the network 130, including the routers 131- 

138, each have a network address that includes the topographic coordinate set 
of the router, as described above. However, end-user routers (not shown), 
which are routers located at the premises of the end-users, need not have 
topographic coordinate sets as their network addresses. In the description 
below, an end-user device connected to a router of the network 130, i.e., a 
topographic router, via a user-level router will be regarded as being directly 
connected to the topographic router. 

[0173] Most, if not all, of the end-user devices 141-148 each have a 

conventional network address, such as a static or dynamic Internet Protocol 
(IP) address or Universal Resource Locator (URL), as their network address. 
Other forms of conventional network address unrelated to the position of the 
network may be used. Those of the end-user devices that are topographic 
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network devices each additionally or alternatively have their topographic 
coordinate set as their network address. 
[0174] Similar to the routers of the network 100 described above with 

reference to Figure 1, each of the routers 131-138 of the network 130 is 
5 configured to receive its own topographic coordinate set, and to transmit its 

topographic coordinate set to each of the routers directly connected to it. Each 
of the routers is also configured to receive and store the topographic 
coordinate set of at least one of the routers directly connected to it. Each 
topographic coordinate set received is stored as a connected device coordinate 
10 set linked to the channel address of the channel through which the router 

received it. Additionally, each of the routers may optionally store its own 
topographic coordinate set. 
[0175] Each of the routers 131-138 is additionally provided with additional 

network information. The additional network information provided to a router 
15 includes connected device information that indicates the conventional network 

addresses of the end-user devices connected to the router. The additional 
network information additionally includes translation information that 
indicates a topographic coordinate set corresponding to at least part of the 
conventional network address of each end-user device in the network 130. 
20 [0176] The translation information enables the router to provide a destination 

coordinate set for each received message that has been transmitted by a 
conventional network device and therefore has only a conventional network 
address. When the router receives a message that lacks a destination 
coordinate set, it uses the translation information to determine the topographic 
25 coordinate set of the router associated with the destination network device 

indicated by the conventional network address of the message, and inserts the 
topographic coordinate into the message as the destination coordinate set. The 
destination coordinate set enables the message to be topographically routed 
through the network 130 to the destination network device. Two types of 
30 translation information are currently envisaged. 
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[0177] The first type of translation information enables the router to perform 

what will be called direct topographic addressing when the router receives a 
message that lacks a destination coordinate set. When the router performs 
direct topographic addressing, the router associated with the destination 
network device is the router directly connected to the destination network 
device, and the router inserts the topographic coordinate set of this router into 
the message as the destination coordinate set. The message is then 
topographically routed through the network directly to the router directly 
connected to the destination network device. This router then uses the 
conventional network address included in the message to forward the message 
to the destination network device, which is directly connected to it. Direct 
topographic addressing topographically therefore routes the message directly 
to the router directly connected to the destination network device. 

[0178] For example, when a router performs direct topographic addressing on 

a message conventionally addressed to the end-user device 145 as the 
destination network device, the router associated with the destination network 
device is the router 137 since the end-user device 145 is directly connected to 
this router. The router therefore inserts the topographic coordinate set of the 
router 137 into the message. The message is topographically routed through 
the network to the router 137. The router then uses the conventional network 
address included in the message to forward the message to the end-user device 
145 directly connected to it. 

[0179] Direct topographic addressing enables the network 130 to provide all of 

the routing efficiency advantages of topographical routing without requiring 
that all, or any, of the end-user devices be topographic network devices. 
However, the translation information stored in a router that performs direct 
topographic addressing may be composed of the conventional network address 
of every end-user device in the network 130. Each conventional network 
address is linked to the topographic coordinate set of the router to which the 
end-user device identified by the conventional network address is directly 
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connected. Accordingly, a router that performs direct topographic addressing 
has to store a very large quantity of translation information. 
[oi80] The second type of translation information enables the router to 

perform what will be called indirect topographic addressing when the router 
5 receives a message that lacks a destination coordinate set. When the router 

performs direct topographic addressing, the router associated with the 
destination network device is the router associated with the domain name that 
forms part of the destination network address of the message. This router will 
be called a domain router. The translation information stored in a router that 

10 performs indirect topographic addressing may be composed of every domain 
name in the conventional network addresses of the end-user devices in the 
network 130. Each domain name is linked to the topographic coordinate set of 
the corresponding domain router. A common domain router may be shared 
among several domain names. A router that performs indirect topographic 

15 addressing has to store substantially less translation information than one that 

performs direct topographic addressing. 
[oi8i] The router that performs indirect topographic addressing inserts the 

topographic coordinate set of the domain router into each conventionally- 
addressed message it receives as the destination coordinate set. The message is 

20 then topographically routed through the network 130 directly to the domain 
router. 

[oi82] The domain router is supplied with translation information composed of 

the conventional network address of every end-user device having the domain 
name with which the domain router is associated. Each conventional network 
25 address is linked to the topographic coordinate set of the router to which the 

end-user device identified by the end-user device is directly connected. Thus, 
the domain router has to store substantially less translation information than 
one that performs direct topographic addressing. 
[0i83] With respect to the domain router, the router associated with the 

30 destination network device indicated by the conventional network address in 
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the message is the router directly connected to the destination network device. 
The domain router replaces the existing destination coordinate set in the 
message with the topographic coordinate set of the router directly connected 
to the destination network device, so that the topographic coordinate set of the 
router directly connected to the destination network device becomes the 
destination coordinate set of the message. The message is then topographically 
routed through the network directly to the router directly connected to the 
destination network device. This router then uses the conventional network 
address included in the message to forward the message to the destination 
network device, which is directly connected to it. Indirect topographic 
addressing therefore topographically routes the message to the router directly 
connected to the destination network device by a two-step route that includes 
the domain router. 

[oi84] For example, when a router performs indirect topographic addressing 

on a message conventionally addressed to the end-user device 145 as the 
destination network device, and the router 135 is the domain router associated 
with the domain name that forms part of the destination network address of 
the end-user device 145, the router inserts the topographic coordinate set of 
the domain router 135 into the message as the destination coordinate set. The 
message is topographically routed through the network to the domain router 
135. The domain router replaces the existing destination coordinate set with 
the topographic coordinate set of the router 137 directiy connected to the end- 
user device 145. The message is topographically routed through the network to 
the domain router 137. The router 137 then uses the conventional network 
address included in the message to forward the message to the end-user device 
145 directly connected to it. 

[oi85] Indirect topographic addressing provides the advantages of topographic 

routing while requiring that a router that performs indirect topographic 
addressing store substantially less translation information than a router that 
performs direct topographic addressing. Indirect topographic addressing may 
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provide a lower routing efficiency than direct topographic addressing. Indirect 
topographic addressing may be less efficient, for example, when the domain 
router is further from the source network device than the destination network 
device and/or when the domain router and the destination network device lie 
in opposite directions relative to the source network device. 
[0186] Indirect addressing has the further advantage that it enables a network 

to be progressively converted to use topographic addressing. Initially, only 
those of routers that will serve as domain routers need be topographic routers 
capable of converting conventional network addresses to destination 
coordinate sets. Topographic routers without this capability can be used 
elsewhere in the network. Messages originating at conventional source 
network devices are conventionally routed from the source network devices to 
the domain router associated with the destination network device. The 
messages are then routed from the domain router to the destination network 
device. Later, as more topographic routers capable of address conversion are 
installed in the network, the address conversion can be performed closer to the 
source network device and a larger fraction of the routing can be performed 
topographically. 

[0187] A router may receive a hybrid set of translation information that 

enables it to perform direct topographic addressing in response to some 
destination network addresses and indirect topographic addressing in response 
to all other destination network addresses. The router supplied with such 
translation information can determine more simply whether to perform direct 
or indirect topographic addressing when it makes this determination based on 
the domain name that forms part of the destination network address, e.g., the 
router performs direct topographic addressing in response to all the 
destination network addresses having one or more given domain names, and 
performs indirect topographic addressing in response to destination network 
addresses having all other domain names. 

[0188] The network 130 operates to transmit a message from a source network 
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device to a destination network device in a manner based on the operation of 
the network 100 described above with reference to Figure 1. However, the 
routers 131-138 are each capable of operating in as many as four different 
modes. The mode in which a router operates with respect to a given message 
5 depends on the location of the router in the network with respect to the route 
of the message. The router that is directly connected to the source network 
device at which the message originates operates as the input router for the 
message. The router that is directly connected to the destination network 
device to which the message is addressed operates as the output router for the 

10 message. The one or more routers though which the message passes between 

the input router and the output router each operate as an intermediate router 
for the message. The router associated with the domain name of the 
conventional network address of the destination network device operates as 
the domain router for the message. If the message passes through the domain 

15 router, the domain router changes the destination coordinate set of the 

message, as described above, 
[0189] The routers that operate as the input router and output router for an 

outbound message operate as the output router and input router, respectively, 
for a reply message sent in response to the original message. A router that 

20 operates as, for example, an input router or an output router for one message 
may operate as an intermediate or a domain router for another message with a 
different routing. 

[0190] The method 620 for transmitting a message using the network 130 

shown in Figure 11 will now be described with reference to Figure 12. In the 

25 following description, it will be assumed that the message is contained in a 

single packet. The packet that contains the message will be referred to below 
as the message packet. The description will be illustrated by an example in 
which a message is transmitted from the end-user device 142 as the source 
network device to the end-user device 145 as the destination network device. 

30 Both the end-user devices are conventional network devices. In this example, 
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the router 131 directly connected to the source network device 142 operates as 
the input router, the router 137 directly connected to the destination network 
device 145 operates as an output router and, when indirect topographic 
addressing is employed, the router 135 is the domain router of the domain 
5 that forms part of the destination network address. 

[oi9i] In process 621, a network that includes end-user devices, topographic 

routers and communication links interconnecting them is provided. For 
example, the network 130 described above is provided. 
[oi92> In process 623, a message is transmitted from the source network 

10 device to an input router. The input router is the one of the routers 131-138 to 

which the source network device is directly connected. The message identifies 
the destination network device by only a destination network address that is 
conventional, i.e., non-topographic. 
[0193] For example, the source network device 142 generates the message 

15 contained in a message packet having a header that includes a destination 

network address field and a reply-to address field. The destination network 
address field contains the destination network address of the destination 
network device 145 and the reply-to address field contains the conventional 
network address of the source network device 142. The source network device 

20 transmits the message via the communication link 115 to the router 131 to 

which it is directly connected. The router 131 operates as the input router for 
the message. 

[0194] In process 625, in response to the destination network address, the 

topographic coordinate set of one of the routers of the network associated with 

25 the destination network device is provided as a destination coordinate set. 

When the input router performs direct topographic addressing, the router 
associated with the destination network device is the router directly connected 
to the destination network device. For example, the input router 131 provides 
the topographic coordinate set of the output router 137 as the destination 

30 coordinate set when it performs direct topographic addressing. 



A-10004253 PATENT 

-58- 

[0195] When the input router performs indirect topographic addressing, the 

router associated with the destination network device is the router associated 
with the domain name that forms part of the destination network address. For 
example, the input route 131 provides the topographic coordinate set of the 
5 router 135 as the destination coordinate set when it performs indirect 

topographic addressing. 
[0196] In process 627, the destination coordinate set is inserted into the 

message. For example, the input router 131 creates a destination coordinate 
set field in an unused portion of the header of the message packet and inserts 

10 the destination coordinate set provided for the message into this field. The 

input router may additionally create a topographic reply-to field in the header 
and insert its own topographic coordinate set into the topographic reply-to 
field as a reply-to coordinate set. The advantage of including a reply-to 
coordinate set in the message will be described below with reference to Figure 

15 15. 

[0197] In process 629, in response to the destination coordinate set, the 

message is routed through the network to the router directly connected to the 
destination network device. 
[0198] The destination coordinate set inserted into the message by the input 

20 router 131 enables the network 130 to operate in a manner similar to that 

described above with reference to Figure 1 and to route the message through 
the network. Each router through which the message passes uses the 
destination coordinate set inserted into the message as just described to make 
an appropriate topographic routing decision. 

25 [0199] In an example of the routing performed by the routers of the network 

130, the input router 131 uses the destination coordinate set that it has just 
inserted into the header of the message packet and additionally uses the 
connected device coordinate sets stored in it to identify the one of its channels 
to which to send the message packet for onward transmission. The channel 

30 identified is that directly connected to one of the topographic network devices 
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that is physically closer to the topographic network device identified by the 
destination coordinate set than the input router 131. In an embodiment, the 
channel identified is that directly connected to the topographic network device 
that is physically closest to the topographic network device identified by the 
5 destination coordinate set. In this example, the topographic network device 
that is physically closest to the topographic network device identified by the 
destination coordinate set is the router 133. A process similar to that just 
described is performed by the router 133 and all the other routers through 
which the message passes on its way to the output router directly connected to 
10 the destination network device. The network 130 routes the message directly 

to the output router when the input router has performed direct topographic 
addressing, and routes the message to the output router via the domain router 
when the input router has performed indirect topographic addressing, as 
described above. 

15 [0200] In process 631, in response to the destination network address, the 

message is transmitted to the destination network device. For example, the 
router 137 uses the destination network address included in the message to 
identify the one of its channels connected to the end-user device 145 and 
forwards the message to that channel for onward transmission to the end-user 

20 device 145 via the communication link 123. 

[0201] When the input router 131 performs direct topographic addressing, 

described above, the topographic coordinate set of the output router is 
provided as the destination coordinate set in process 625. For example, when 
the destination network address in the message is that of the end-user device 

25 145, the input router 131 provides the topographic coordinate set of the 

output router 137 as the destination coordinate set. The network 130 then 
operates in response to the destination coordinate set, using the topographic 
routing scheme described above with reference to Figure 6, to route the 
message from the input router directly to the output router. For example, the 

30 network operates to route the message from the input router 131 to the output 
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router 137 directly connected to the destination network device 145. 
[0202] When the input router performs indirect topographic addressing, 

described above, in process 625, the topographic coordinate set of the domain 
router associated with the domain name of the destination network address of 

5 the message is provided as the destination coordinate set. The network 130 
then routes the message to the output router 137 via the domain router 135 
using the two-stage routing method 640 that will be described next with 
reference to Figure 13, and with additional reference to Figure 11. 
[0203] In process 641, the input router that performs indirect topographic 

10 addressing inserts the topographic coordinate set of the domain router into the 

message as the destination coordinate set. The domain router is the router 
associated with the domain name of the destination network address of the 
message. Process 641 is an embodiment of process 625 of the method 
described above with reference to Figure 12 performed when the input router 

15 performs indirect topographic addressing. 

[0204] In process 643, in response to the destination coordinate set, the 

message is topographically routed through the network 130 to the domain 
router. The message is routed using the topographic routing scheme described 
above with reference to Figure 6 to route the message to the domain router 

20 whose topographic coordinate set is inserted into the message as the 

destination coordinate set. For example, the network 130 routes the above- 
described exemplary message to the router 135 when this router is the domain 
router associated with the domain name included in the destination network 
address of the message. Usually, the domain router will be different from the 

25 router to which the end-user device specified by the destination network 

address is directly connected, but the domain router may be directly connected 
to the end-user device specified by the destination network address. 
[0205] In process 645, in response to the destination network address, the 

topographic coordinate set of the output router is provided as a new 

30 destination coordinate set. The output router is the router directly connected 
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to the destination network device. For example, the domain router 135 
includes a topographic translator that uses translation information stored in 
the domain router and the destination network address included in the 
message to provide the new destination coordinate set for the message. The 
5 translation information stored in the domain router is described above. 
[0206] In process 647, the new destination coordinate set is inserted into the 

message. For example, the new destination coordinate set may replace the 
topographic coordinate set of the domain router in the destination coordinate 
set field of the message. 

10 [0207] In process 649, the message is topographically routed through the 

network to the output router in response to the new destination coordinate set. 
For example, the network routes the message using the topographic routing 
scheme described above with reference to Figure 6 to the output router. For 
example the network may route the message to the router 137 directly 

15 connected to the end-user device 145. 

[0208] Processes 643-649 are an embodiment of process 629 of the method 

shown in Figure 12 that are performed when the input router performs 
indirect topographic addressing. 
[0209] The above-described process 631 of the method shown in Figure 12 is 

20 then performed to forward the message to the destination network device. For 
example, the output router 137 forwards the message to the end-user device 
145. 

[0210] As noted above, each of the routers 131-138 of the network 130 may 

process a received message in one of as many as four different ways, 
25 depending whether the router is, with respect to the message, an input router, 

an output router, an intermediate router or a domain router. To determine its 
function in processing each message it receives, each router may perform the 
routine 650. This routine will now be described with reference to Figure 14. 
[02ii] In process 651, the router receives the message. 

30 [0212] In process 653, a test is performed to determine whether the message 
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includes a destination coordinate set. For example, router may determine 
whether the message includes a destination coordinate set field and, if so, 
whether the field contains a valid destination coordinate set. A test result of 
NO indicates that the router is operating as the input router for the message, 
5 and execution branches to process 655. 

[0213] In process 655 a destination coordinate set for the message is provided. 

[0214] In process 657, the destination coordinate set is inserted into the 

message. 

[0215] In process 659, the routing of the message is determined 

10 topographically using the destination coordinate set in the message. For 

example, the router may operate in response to the destination coordinate set 
to identify the one of its channels to which to forward the message, as 
described above. 

[0216] In process 661, the message is transmitted. For example, the message is 

15 forwarded to the channel identified in process 659 and is transmitted to the 

topographic network device connected to the identified channel via the 
communication link that extends from the router to the topographic network 
device. 

[0217] A test result of YES in process 653 causes execution to advance to 

20 process 663. 

[0218] In process 663, a test is performed to determine whether the destination 

coordinate set (DESTINATION COORDINATE SET) included in the message is 
equal to the topographic coordinate set (TOPOGRAPHIC COORDINATE SET) 
of the router. A NO result indicates that the router is operating as an 

25 intermediate network device in the topographic routing between the input 

router and the output router, as described above with reference to Figure 6. 
Execution branches to processes 659 and 661 where the topographic routing 
of the message is determined using the destination coordinate set included in 
the message and the message is transmitted. 

30 [0219] A YES result in process 663 indicates that the router is operating as 
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either the domain router or the output router for the message. In this case, 
execution advances to process 665. 
[0220] In process 665, a test is performed to determine whether the destination 

network device is directly connected to the router. For example, the router 
5 may determine whether the destination network address included in the 

message is equal to the conventional network address of any one of the end- 
user devices direcdy connected to it. As noted above, each router of the 
network 130 keeps a record of the conventional network addresses of the end- 
user devices directly connected to it. 

10 [022i] A NO result in process 665 indicates that the router is operating as the 

domain router for the message. In this case, execution branches to processes 
655, 657, 659 and 661, described above. For example, these processes would 
be performed by the router 135 operating as the domain router for the end- 
user device 145. In process 655, the destination coordinate set provided for the 

15 message is the new destination coordinate set, i.e., the topographic coordinate 

set of the output router. 
[0222] A YES result in process 665 indicates that the router is operating as the 

output router for the message. Execution advances to processes 667 and 661. 
In process 667, the destination network address is used to determine the 

20 routing of the message and, in process 661, the message is transmitted. For 
example, in process 667, the router 137, operating as the output router, may 
use the destination network address to identify the one of its channels directly 
connected to the destination network device 145. Then, in process 661, the 
router 137 may forward the message to the identified channel for transmission 

25 to the destination network device 145. 

[0223] An example of the operation of the routine 650 in various ones of the 

routers of the network 130 will now be described with reference to Figure 14, 
and with additional reference to Figures 11-13 as indicated below. In the 
example, a message is transmitted from source network device 142 to 

30 destination network device 145. The router 131, operating as the input router, 



A-10004253 PATENT 

-64- 

performs processes 651 and 653 as an embodiment of process 623, processes 
655 and 657 as embodiments of processes 625 and 627, respectively, and 
processes 659 and 661 as an embodiment of process 629. Processes 623, 625, 
627 and 629 are described above with reference to Figure 12. Router 133, 
operating as an intermediate network device, performs processes 651, 653, 
663, 659 and 661. When the input router 131 has performed indirect 
topographic addressing, the router 135, operating as the domain router 
associated with the domain name included in the conventional network 
address of destination network device 145, performs processes 651, 653, 663 
and 665 as an embodiment of process 643, processes 655 and 657 as 
embodiments of processes 645 and 647, respectively, and processes 659 and 
661 as an embodiment of process 649. Processes 643, 645, 647 and 649 are 
described above with reference to Figure 13. Router 137, operating as the 
output router, performs processes 651, 653, 663 and 665 and processes 667 
and 661 as an embodiment of process 631 described above with reference to 
Figure 12. 

[0224] It should be noted that, in the routine 650 shown in Figure 14, the 

processes 655 and 665 require longer to perform than the remaining processes 
since they involve looking up information. However, in each execution of the 
routine 650, only one of the processes 655 and 665 is performed, and the 
process is performed only once. This minimizes the delay imposed on the 
message by each router. Moreover, neither of these processes is performed 
when the router operates as an intermediate router. In many cases, most of the 
routers through which the message passes operate as intermediate routers. 

[0225] Figure 14 also shows the optional processes 669, 670 and 671. Process 

669 may be performed when process 653 determines that the message lacks a 
destination coordinate set. In process 669, a test is performed on the reply-to 
address in the conventional reply-to field of the message. The test determines 
whether the network device identified by the reply-to address is direcdy 
connected to the router, i.e., whether the router is the input router for the 
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message. A test result of NO causes execution to branch to process 655, 
bypassing process 670. A test result of YES causes execution to advance to 
process 670. 

[0226] In process 670, a topographic reply-to field is created in the message, if 

5 none exists, and the topographic coordinate set of the router is inserted into 

the topographic reply-to field as a reply-to coordinate set. Execution then 
advances to process 655, described above. 
[0227] The test in process 669 allows the router to insert its topographic 

coordinate set into the topographic reply-to field of the message only when the 
10 router is operating as the input router for the message. Allowing the router to 

insert its topographic coordinate set into the topographic reply-to field of a 
message when it is not the input router for the message would cause the 
network 130 to route any reply message to the wrong router. 
[0228] Optional process 671 is performed when process 653 returns a YES 

15 result. In process 671, a test is performed to determine whether the message 
includes a valid topographic reply-to field. When a YES result is obtained, 
execution advances to process 663, described above. When a NO result is 
obtained, execution branches to process 669, also described above. 
[0229] In the examples described above, the destination coordinate set is 

20 described as being provided by and inserted into the message by the input 
router or the domain router. However, this is not critical to the invention. A 
server configured to perform these functions may be connected to the router as 
an end-user device. In this case, a NO result in either process 653 or 665 
causes the router to forward the message to the one of its channels connected 
25 to the server. The server provides the destination coordinate set for the 

message, inserts the destination coordinate set into the message and returns 
the message to the router. Upon receiving the message returned by the server, 
the router performs processes 651, 653 and 663, obtaining a YES result at 
process 653 and a NO result at process 663. Consequently, the router acts as 
30 an intermediate router, and additionally performs processes 659 and 661 to 
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route the message through the network 130. 
[0230] The routing efficiency of the network 130 just described can be 

increased by changing the network-related software running on the non- 
topographic end-user devices. Such software includes, but is not limited to, e- 

5 mail software, instant messenger software, network game software and web 
browser software. The change enables a reply message responding to an 
original message transmitted by a source network device to be directly 
topographically addressed to the source network device regardless of whether 
the original message was directly or indirectly topographically addressed to the 

10 destination end-user device. 

[023i] As noted above, an embodiment of the routers of the network 130, 

when operating as the input router for a message, creates a topographic reply- 
to field in the header of each message packet and inserts the topographic 
coordinate set of the input router into this field as a reply-to coordinate set. 

15 Thus, a message transmitted by such an input router includes a topographic 

reply-to field containing the topographic coordinate set of the input router 
when the message is received by the destination network device. 
[0232] The modified network-related software causes the destination network 

device to generate a reply message in response to an original message received 

20 with a valid topographic reply-to field to include a destination coordinate set 
field and to copy the contents of the topographic reply-to field of the original 
message into the destination coordinate set field of the reply message. The 
reply message is additionally generated to include at least a destination 
network address field into which is copied the conventional network address 

25 included in the reply-to address field of the original message. This 

conventional network address is that of the source network device, i.e., the 
network device to which the reply message is addressed. 
[0233] The modified network-related software performs the routine 680 shown 

in Figure 15. 

30 [0234] In process 681, the destination network device receives the original 
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message. 

[0235] In process 683, a test is performed to determine whether the original 

message includes a topographic reply-to field containing a valid topographic 

coordinate set. A YES result causes execution to advance to process 685. 
5 [0236] In process 685, a test is performed to determine whether a reply 

message is to be generated in response to the original message. A YES result 

causes execution to advance to process 687. 
[0237] In process 687, the reply message is created to include a destination 

coordinate set field. A topographic reply-to field may also be created. 
10 [0238] In process 689, the contents of the topographic reply-to field of the 

original message are copied into the destination coordinate set field of the 

reply message. 

[0239] In process 691, the destination network device transmits the reply 

message to the router directly connected to it. 
15 [0240] A NO result in process 683 causes execution to branch to process 693, 

where a test is performed to determine whether a reply message is to be 
generated in response to the original message. A YES result causes execution 
to advance to process 695. 
[0241] In process 695, a reply message with no destination coordinate set field, 

20 with a blank destination coordinate field or with a destination coordinate field 
that contains an invalid argument is created. Execution then advances to 
process 691, described above. 
[0242] A NO result in process 693 causes execution to branch to process 699, 

where execution ends. 
25 [02433 A NO result in process 685 causes execution to branch to process 699 

via optional process 697. 
[0244] In process 697, the conventional network address and the topographic 

coordinate set are respectively copied from the conventional reply-to field and 
the topographic reply-to field of the original message and are stored in linked 
30 fields of an address book resident in the end-user device constituting the 
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destination network device. Process 697 may alternatively be performed 
between processes 683 and 685. Process 697 captures the relationship 
between the conventional network address of the source network device and 
the topographic coordinate set of the router direcdy connected to the source 
5 network device. Performing process 697 enables the destination network 
device at any time to generate a message that includes the topographic 
coordinate set of the source network device as a destination coordinate set 
simply by inputting the conventional network address of the source network 
device into the address book. 

10 [0245] In processes 685 and 693, a NO result may be generated, for example, 

by the user declining to reply to the original message within a predetermined 
time, or by the user deleting the original message without replying to it. 
[0246] In process 687, a destination network address field, a reply-to address 

field and a topographic reply-to field may also be created in the reply message, 

15 and in process 689, the conventional network address may be copied from the 
reply-to address field of the original message to the destination network 
address field of the reply message, and the destination network device may 
insert its own conventional network address into the reply-to address field of 
the reply message. The topographic reply-to field is left blank: when the reply 

20 message is received by the router directly connected to the destination network 

device, this router will insert its topographic coordinate set into this field as a 
reply-to coordinate set. 
[0247] In the following descriptions, the appellations source network device and 

destination network device as applied to the original message will be used 

25 unchanged as applied to the reply message. The reply message is transmitted 

from the destination network device to the source network device. In process 
691, the destination network device transmits the reply message to the router 
directly connected to it. For example, the end-user device 145, as the 
destination network device transmits the reply message to the router 137. The 

30 message includes the topographic coordinate set of the router directly 
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connected to the source network device as a destination coordinate set. For 
example, the message includes the topographic coordinate set of the router 
131 directly connected to the source network device 142. 
[0248] The router 137 directly connected to the destination network device 

5 145 operates as an intermediate network device in response to the destination 

coordinate set in the reply message and forwards the reply message to another 
topographic network device of the network 130. For example, the router 137 
may forward the reply message to the router 133, which may in turn forward 
the reply message to the router 131 directly connected to the source network 
10 device 142. When the router 131 receives the reply message, it operates as an 
output router and forwards the reply message to the source network device in 
response to the conventional network address also included in the reply 
message, as described above. 
[0249] Modifying the network-related software to copy the topographic 

15 coordinate set of the input router of the original message from the topographic 

reply- to field of the original message to the destination coordinate set field of 
the reply message enables the network 130 to route the reply message 
topographically from the router 137 directly connected to the destination 
network device to the router 131 directly connected to the source network 
20 device. In particular, even when the original message has been routed to the 

destination network device 145 using indirect topological addressing, the reply 
message is returned to the source network device 142 by direct topological 
addressing. The reply message may be, for example, composed of many web 
pages transmitted by the destination network device 145 in response to the 
25 original message. 

[0250] The modified network-related software can be conveyed to the end-user 

devices on which it is to run by embodying the program in a suitable 
computer-readable medium, such as a set of floppy disks, a CD-ROM, a DVD- 
ROM, a non-volatile memory or could be transmitted to such end-user device 
30 by a suitable communication link, such as one of the communication links of 



A- 1 000425 3 PATENT 

-70- 

the network 130. 

[0251] Figure 16 is a block diagram showing an embodiment of a topographic 

router according to the invention suitable for use in the network 130. The 
router 131 will be described as an example of the routers 131-138 of the 
5 network 130. Elements of the router 131 that correspond to elements of the 
router 101 described above with reference to Figure 2 are indicated using the 
same reference numerals and will not be described again here. 
[02523 The router 131 additionally includes the topographic translator 252, the 

translation information store 254 and the connected device table 256. The 

10 topographic translator is connected to the back plane 234. The topographic 
information store is connected to the backplane and to the topographic 
translator and stores translation information. In an embodiment, the 
topographic translator, the topographic information store and the connected 
device table are each configured to appear to the back plane as a channel of 

15 the router 131 

[0253] A router that performs direct topographic addressing when operating as 

an input router stores translation information composed of the conventional 
network address of each end-user device of the network 130 linked to the 
topographic coordinate set of the output router of the end-user device, i.e., the 

20 router to which the end-user device is directly connected. A router that 

performs indirect topographic routing stores translation information composed 
of each domain name in the conventional network addresses of the end-user 
devices of the network linked to the topographic coordinate set of the domain 
router associated with the domain name. 

25 [0254] A router that performs direct topographic addressing in response to 

some destination network addresses and indirect topographic addressing in 
response to all other destination network addresses stores two different sets of 
translation information. One set is composed of each conventional network 
address on which the router performs direct topographic addressing linked to 

30 the topographic coordinate set of the router to which the corresponding end- 
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user device is directly connected. The other set is composed of each domain 
name in the conventional network addresses on which indirect topographic 
addressing is performed linked to the topographic coordinate set of the domain 
router associated with the domain name. 
5 [0255] A router that can operate as a domain router stores translation 

information composed of the conventional network address for each end-user 
device having, as part of its conventional network address, the domain name 
with which the domain router is associated. The conventional network address 
of each end-user device having the domain name is linked to the topographic 
10 coordinate set of the output router of the end-user device, i.e., the router to 

which the end-user device is directly connected. A router that operates both as 
a domain router and an input router stores translation information relating to 
both of its functions. 

[0256] The connected device table 256 stores the connected device information 

15 composed of the conventional network address of each end-user device 

directly connected to the router 131 linked to the address of the channel of the 
router to which the end-user device is directly connected. 
[0257] Both the translation information store 254 and the connected device 

table 256 are shown connected to the back plane 234. Each may have a 

20 structure similar to the coordinate store 236 shown in Figure 2 to enable them 

to receive the translation information and connected device information from 
the network 130 via a channel of the router 131 and the back plane 234. Such 
a structure enables especially the translation information stored in all the 
routers 131-138 to be centrally updated by a network controller (not shown) 

25 configured as an end-user of the network. Either or both of the translation 

information and the connected device information may alternatively be 
provided to the router 131 locally, either via one of its channel cards or via at 
least one separate input (not shown) provided for this purpose. 
[0258] The channel cards 258 of the router 131 are structured similarly to the 

30 channel cards 232 of the router 101 shown in Figure 2. Figure 17 shows the 
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structure of the channel card 250 as an example of the channel cards 258. The 
other channel cards are similarly structured. Elements of the channel card 250 
that correspond to elements of the channel card 240 described above with 
reference to Figure 3 are indicated using the same reference numerals and will 
5 not be described again here. 

[0259] The channel card 250 additionally includes the conventional address 

processor 370. The conventional address processor is connected to the packet 
processing engine 362. The conventional address processor receives via the 
packet processing engine a copy of the connected device information stored in 

10 the connected device table 256 (Figure 16). In response to receiving a 

destination network address DNA from the packet processing engine, the 
conventional address processor returns a corresponding destination channel 
address DCA. The destination channel address is the address of the channel of 
the router to which the end-user device indicated by the conventional network 

15 address is directly connected. 

[0260] The channel card 250 performs the routine 650 described above with 

reference to Figure 14. Operation of the channel card in performing this 
routine will now be described with reference to the routine shown in Figure 
14, the router block diagram shown in Figure 16 and channel card block 

20 diagram shown in Figure 17. 

[026i] In process 651, the transmitter/receiver 360 receives a message. In an 

example, the message is contained in a message packet having a header that 
includes a destination network address and a reply-to address both composed 
of conventional network addresses. The message may additionally include a 

25 destination coordinate set and a reply-to coordinate set. 

[0262] In process 651, the transmitter/receiver 360 receives the message and 

forwards it to the packet processing engine 362. 
[0263] In process 653, the packet processing engine 362 caches the message 

and determines whether the header of the message packet includes a 

30 destination coordinate set. Execution branches depending on the result of the 



A-10004253 PATENT 

-73- 

determination. 

[0264] In process 655, the packet processing engine 362 packages a copy of 

the destination network address in the header of the message packet in an 
envelope and sends the envelope to the back plane 234. The envelope is 

5 addressed to the topographic translator 252. The back plane forwards the 

envelope to the topographic translator. 
[0265] Using the destination network address received from the packet 

processing engine and the translation information stored in the translation 
information store 254, the topographic translator provides the destination 

10 coordinate set for the message, as described above. The destination coordinate 
set provided depends on whether the translation information is for direct or 
indirect topographic addressing, as described above. The topographic 
translator packages the destination coordinate set in an envelope addressed to 
the channel 250 from which the destination network address copy was 

15 received, and sends the envelope to the back plane 234. The back plane 
forwards the envelope to the channel 250. 
[0266] In process 657, the packet processing engine 362 creates a destination 

coordinate set field in the header of the message packet, if none already exists, 
and inserts the destination coordinate set received from the topographic 

20 translator 252 into the destination coordinate set field. 

[0267] In process 659, the packet processing engine 362 sends a copy of the 

destination coordinate set DESTINATION COORDINATE SET included in 
header of the message to the topographic processor 368. In response to the 
destination coordinate set and the connected device coordinate sets stored in 

25 the coordinate memory 366, the topographic processor returns a destination 

channel address DCA to the packet processing engine. The destination channel 
address is the address of the channel of the router 131 to which the message is 
to be forwarded. 

[0268] In process 661, the packet processing engine 362 packages the message 

30 in one or more envelopes addressed with the destination channel address DCA 
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and places the message in the output queue 364 for sending to the back plane 
234. The back plane forwards the envelopes to the channel identified by the 
destination channel address, the receiving channel. In the receiving channel, 
the packet processing engine receives the envelopes from the back plane, 
5 removes the message packets from their envelopes and feeds the message 
packets to the transmitter/receiver. The transmitter/receiver transmits the 
message to the network device connected to the receiving channel as described 
above. 

[0269] In process 663, the packet processing engine 362 compares the 

10 destination coordinate set DESTINATION COORDINATE SET included in the 
header of the message packet and the topographic coordinate set of the router. 
The packet processing engine may obtain the topographic coordinate set of the 
router from the coordinate store 238. Execution of the routine branches 
depending on the result of the comparison, as described above. 

15 [0270] In process 665, the packet processing engine 362 sends a copy of the 

destination network address DNA included in header of the message to the 
conventional address processor 370. The conventional address processor 
compares the destination network address of the message with the 
conventional network addresses stored in it. The conventional network 

20 addresses stored in the conventional address processor are those of the end- 

user devices directly connected to the router 131. When the conventional 
address processor detects no match between the destination network address 
and the conventional network addresses of the directly-connected network 
devices, it returns a "not found" code to the packet processing engine. The "not 

25 found" code causes the routine 650 to branch to process 659, as described 

above. 

[0271] Process 667 is executed when the conventional address processor 370 

detects a match between the destination network address and one of the 
conventional network addresses of the directly-connected network devices. 
30 The match causes the conventional network address processor to return a 
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destination channel address DCA to the packet processing engine 362. Process 
661 is then performed as described above. 
[0272] The packet processing engine 362 may additionally perform process 

669 to create a topographic reply-to field in the header, if none already exists, 
5 and to insert the topographic coordinate set of the router 131 into this field as 

a reply-to coordinate set. The packet processing engine may obtain the 
topographic coordinate set from the coordinate input 238. When the message 
includes a destination coordinate set, the packet processing engine may 
additionally perform process 671, followed by process 669 when the message 

10 lacks a topographic reply-to field, prior to performing process 663. 

[0273] In process 655, the packet processing engine 362 may send a copy of 

the entire header of the message packet to the topographic translator 252. The 
topographic translator reads the destination network address included in the 
header copy and, in response to the destination network address, provides the 

15 destination coordinate set DESTINATION COORDINATE SET for the message. 

In this case, the topographic translator additionally performs process 657 to 
insert the destination coordinate set into the header, and then returns the 
modified header to the channel from which the original header was received. 
In the channel, the packet processing engine replaces the original header with 

20 the header received from the topographic translator. The topographic 

translator may additionally create a topographic reply-to field in the header 
and insert the topographic coordinate set of the router 131 into this field as a 
reply-to coordinate set, as described above. 
[0274] As a further alternative, the topographic translator 252 and translation 

25 information store 254 may be omitted from the router 131 and may instead be 

located in a topographic translation device external of the router. The 
topographic translation device is configured as an end-user device and is 
directly connected to the router. Figure 11 shows the topographic translation 
device 141 connected as an end-user device to the router 135. 

30 [0275] When the topographic translator 252 and translation information store 
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254 are located in an external topographic translation device, and the packet 
processing engine 362 determines in process 653 that the message lacks a 
destination coordinate set or determines in process 665 that the router is not 
directly connected to the destination network device, the packet processing 
engine packages the message in envelopes addressed to the channel of the 
router directly connected to the topographic translation device. The 
topographic translation device performs processes 665 and 667 and returns 
the message to the router. The message returned to the router includes a 
destination coordinate set in the destination coordinate set field of the header 
of each packet. 

[0276] The channel of the router 131 that receives the message returned from 

the topographic translation device (not shown) processes the message as a 
received message, again using the routine 650 shown in Figure 14. The 
message generates a YES result in process 653 and a NO result in process 663. 
Accordingly, execution branches to process 659, where the router determines a 
topographical routing for the message using the destination coordinate set 
inserted into the message by the topographic translation device, and to process 
661, where the router transmits the message in accordance with the 
topological routing. 

[0277] As a yet-further alternative, each of the channel cards 258 may include 

a topographic translator similar to the topographic translator 252 and store 
that stores at least a subset of the translation information stored in the 
translation information store 254. In this case, the topographic translator 252 
and at least part of the translation information store 254 are omitted from the 
router 131. This structure reduces traffic through the back plane 234. 

[0278] The above-described topographic network devices of the network 

according to the invention may be constructed from discrete components, 
small-scale or large-scale integrated circuits, suitably-configured ASICs, PLAs 
and other suitable hardware. Alternatively, the topographic network devices 
may be constructed at least in part using an application-specific integrated 
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circuit, digital signal processor, microprocessor, microcomputer or computer 
with internal or external memory operating in response to a program fixed in a 
computer-readable medium. In computer-, DSP- and ASIC-based 
embodiments, the various circuit elements shown herein may be ephemeral, 

5 and may only exist temporarily as the program executes. In such embodiments, 

the program can be conveyed to the hardware on which it is to run by 
embodying the program in a suitable computer-readable medium, such as a set 
of floppy disks, a CD-ROM, a DVD-ROM, a read-only memory or could be 
transmitted to such hardware by a suitable communication link. 

10 [0279] The communication links of the above-described networks according to 

the invention may be wired or wireless electrical communication links, optical 
communication links or other suitable communication links. 
[0280] Although this disclosure describes illustrative embodiments of the 

invention in detail, it is to be understood that the invention is not limited to 

15 the precise embodiments described, and that various modifications may be 
practiced within the scope of the invention defined by the appended claims. 



